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Studies on Radiation Carcinogenesis : Ilts Modifying
Factors and Mechanisms.
A Review of the Past Five Years’ Program

Toshihiko Sado
Division of Physiology and Pathology

Studies were focused on the physical and
biological factors that affect the incidence of
radiation-induced tumors and on the cellular
molecular mechanisms of radiation car-
cinogenesis .

Ohtsu and his group analyzed the effects of
fast neutrons and y-rays on the incidence of
non-lethal tumors such as lung and liver tumors
by serial sacrifice study for 3 different strains
of mice, A/J, C3H/He and C57BL/6]. The
results indicated that for all strains examined
the time of the appearance of both types of
tumors was not accelerated in the neutron
treated mice as compared to that in the y-ray
treated animals, although the RBE values of
neutrons as compared to y-rays at peak in-
cidence of tumors were approximately 5 for
both tumors.

Sasaki conducted a series of experiments us-
ing several strains of mice to assess the effect
of age at radiation exposure on the life-
shortening and the tumor spectrum induced by
radiations. In these studies, mice were expos-
ed to 1.9, 3.8 and 5.7 Gy of y-rays at several dif-
ferent ages ranging from prenatal period to 1
year of age. The results indicated that the
ages between neonatal period to sexual maturi-
ty were the most sensitive for radiation-

induced life-shortening, which was mainly due
to the development of tumors. He also show-
ed that the age-dependency of the susceptibility
of mice to radiation-induced tumors varied con-
siderably depending on the tumor types,
although the most susceptible period for all
types of tumors occurred before the animals
reached young adulthood. He also found that
when phenobarbital, an well known tumor pro-
moter, was given to a group of irradiated mice,
a life-shortening which was normally observed
in the exposed animals was significantly reduc-
ed.

Three groups participated in the studies of
radiation —induced myeloid leukemias using two
different strains of mice, C3H/He and RFM/
Up. Seki and his group found that the in-
cidence of myeloid leukemias induced after ex-
posure to 47, 142 and 280 cGy of X-rays in
C3H mice was significantly enhanced for all ex-
posure doses, when mice were treated with
predonisolone acetate shortly after radiation ex-
posure. They also showed that experimental-
ly induced inflammation as well as surgical
stresses which were given shortly after radia-
tion exposure significantly enhanced the
leukemia incidence. This group also studied
the kinetics of hemopoietic stem cells after such
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treatments and presented a model to exlain the
mechanism of the enhancement of leukemia
development.

Nakao and his group studied the single cell
nature of the origin of thymic lymphomas induc-
ed in RFM mice by using X chromosome-1link-
ed PGK (phosphoglycerate kinase) isozyme
markers, A and B, whose expression is regulat-
ed by random inactivation of one of the two X
chromsomes in each somatic cell, and found
that lymphomas of each animal had originated
from a single cell. They also showed a dose-
dependent increase in the incidence of myeloid
leukemia and reduction of the latent period.
In another experiment, they studied the effect
of recombinant human interleukin 2 (rthIL—2),
which is known to enhance the immunologic
functions in vivo as well as in vitro, on the in-
cidence of radiation—induced leukemia/lymp-
homa with a hope that such treatment might
suppress the development of leukemia by
enhanced immunological surveillance func-
tions.
suppression of leukemia development by such
Rather, the time of the appearance
of thymic lymphomas was accelerated, without
influencing the final incidence.

Hayata and his group conducted cytogenetic
studies of myeloid leukemia development in
C3H mice. They showed that myeloid cells
with deletion of C—D region of No.2 chromo-
some (2q—), which is a unique cytogenetic
marker for murine myeloid leukemias, could be
recovered as predominant clones in different in-
dividuals during preleukemic stage, indicating
that the appearance of this specific chromosome
marker is a necessary but not a sufficient step
to fully develop into autonomous leukemias.
This implies that radiation induced leukemias
must develop after multi-step processes.

Muto and his group made a significant pro-
gress in their attempts to dissect the cellular
events that take place during thymic lym-
phomagenesis induced by Kaplan’s classical
split-dose irradiation protocol in B10 strain
mice. Major findings included the following :
a) Thymocytes underwent abortive differentia

The results indicated no evidence of

treatment.

tion in all split-dose irradiated mice, i. e., they
rarely gave rise to functional killer precursor
cells that could be induced to differentiate into
effector killer cells by stimulation with ap-
propriate alloantigens in the presence of IL—2
in vitro. b) Prelymphoma cells, which were
already transformed but were dependent on
thymic microenvironment to further develop in-
to autochtonous lymphoma cells, could be
demonstrated as early as one week after the
last dose of split-dose irradiation, followed by a
rapid increase in number during the next few
weeks. Thus, at 3—4 weeks, more than 63%
of the exposed mice were shown to contain
prelymphoma cells in their thymuses. c¢) The
number of pro T cells in the bone marrow of
split-dose irradiated mice was greatly reduced
so that regeneration of the thymus of the split-
dose irradiated mice proceeded in the absence
of recruitment of precursor cells from the bone
marrow. d) Analysis of the expression of a
variety of cellular oncogenes and T cell recep-
tor (TCR) genes on thymus cells during thymic
lymphomagenesis indicated that expression of
c-myc and TCRy genes was greatly enhanced,
while other oncogenes and TCRa , 8 genes
were poorly expressed.

Shikita and his group purified human
macrophage growth factor (M—CSF) and
mouse granulocyte—macrophage growth factor
(GM—CSF), and determined the amino acid
composition and the N —terminal amino acid se-
quence of these factors. With the use of these
purified preparations, they examined the effects
of these hematopoietic growth factors on the
proliferation and function of normal myeloid
cells as well as radiation-induced mouse
leukemic cells. They also cloned several
fibrosarcoma cell lines that secrete both M—
CSF and G—-CSF. By using these cell lines
they attempted to purify murine M—CSF and
G—CSF for further molecular analysis.

Hori and his group conducted a population
cytogenetic study of 1022 healthy subjects and
547 cancer patients to determine baseline fre-
quencies of rare autosomal fragile sites that
have been implicated as the site(s) of human
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genome predisposing to chromosome instability
and a variety of clinical manifestations including
cancers. They found, in addition to already
known six out of 17 rare autosomal fragile sites,
three novel ones that appear to be unique for
Japanese population. They also studied the
mechanism of the expression of fragile X
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syndrome by using human—mouse somatic cell
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that fragile site X mutation arose from
chromosomal change in a special class of
replicons with polypurine/polypyrimidine DNA
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Serial Sacrifice Study on Tumorigenesis
in Male C57BL/6J Mice Exposed to Gamma—Ray
or Fast Neutron Radiation

Hiroshi Otsu, Takeshi Furuse, Yuko Noda, Shigeru Kobayashi
Takashi Maruyama™®' and Fumiaki Sato™?

Division of Physiology and Pathology, *1Djvision of Physics,
*’Hokkaido University, Veterinary School

In this serial sacrifice study, we in-
vestigated the relationship between the in-
cidence and time of the appearance of
neoplasms in male specific pathogen-free
C57BL/6] mice at 4 weeks of age, exposed to
gamma—ray radiation from Cs—137 in graded
doses of 1 to 5 Gy at a dose rate of 1 Gy/min or
fast neutron radiation from a van de Graaff ac-
celerator in doses of 1 to 3 Gy at a dose rate of
0.067 Gy/min.

Radiation—induced lung tumor and liver
tumor were more frequent than other types in
most groups, and the incidence of both kinds of
tumors was found to be high enough to warrant
an investigation of the dose responsiveness for
tumorigenesis. These tumors began to appear
12 months after irradiation, and reached a max-
imum incidence in most groups 21 or 24 months
after irradiation. In gamma-—ray irradiated
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mice, lung tumor developed in a dose depen-
dent manner, as did liver tumor, and in neutron
irradiated mice, liver tumor grew 2.5 to 4.8
times more frequently than lung tumor, more
significantly than in control mice, but any dose
response relationship for lung tumor and liver
tumor was obscure. In a comparison of the
tumor incidence of the two different radiations,
lung tumor incidence in 1 Gy neutron irradiated
mice corresponded to the incidence in 5 Gy gam-
ma—ray irradiated mice, and liver tumor in-
cidence was 2 to 4 times higher in mice ir-
radiated by neutrons than in those by gam-
ma—rays at the same doses. Consequently,
the relative biological effectiveness was
calculated about 5.

Key—words : tumorigenesis, fast neutron, gam-
ma—ray radiation, relative biological effec-
tiveness (RBE)
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1 0/24 0/19 4/12 5/62 8/29 29/50 38/57 35/54
(0) (0) (33.3) ( 8.1) (27.1) (58.0) (66.7) (64.8)
2 0/47 0/25 1/21 16/69 9/30 22/42 34/55 30/37
(0) (0) (4.8) (23.2) (30.0) (52.4) (61.8) (81l.1)
3 1/43 1/37 1/30 18/88 19/51 24/51 20/40 22/28
(2.3) (2.7 (3.3) (20.5) (37.3) (47.1) (50.0) (78.6)

* O RFREE A ER o T i v AR B~ v AR
¥ BER -2V

= THoT,

FFEE (E2) 12 NG—3Gy B TIIRHES
4 r A bREENZ LRI, SRI2y A T3
LA RERDHEIMERSEA LT D, BEELS
A TRERBONEBERERITITIFION &7
D, RIS, 21, 244 B & X OFEROMINE
‘&b, MBIy AU TLI0% T
DEERTHD D ERBITH oo

T BB~ U ABITOWT

FifEE S R TR SR~ 7 2
CHed LIRS & & ki ot BB O
£ (F3) IEREOKBHIFRA L EHBREL2Y
AL REREF L LEHEL. 157 AT 5Gy R
51EEL 2Gy REIBEIC14.0% £ 17.3% D BB OB
MGk b, L1847 A Tl 4Gy & 5Gy DEH

# (GR—4Gy 8 :19.2%, GR—5Gy % :13.5
%) . BEE21 4 Bt 3Gy, 4Gy & 5Gy ©
BB EROWMARD bhil, HIEHER21,
B#CIBEECIE LT 0Gy 55 5Gy ¥ TDH
HOMEGRERIIABEDS. 2% 55 5Gy BE
B (GR—5Gy ) ™23.6% &8 L. HBIMEAS
bbbt

FFEE I IGES & R A i 7
R~ v A RE L-FEE & 2 ERZED S
Y, ~R b= Thot, ERBOFBEERE
R (F4) XHBI2~157 BrbHEmL, R84
B it AGy & 5Gy DBAE (GR—4Gy: 25.0%,
GR—5Gy: 43.2%) THEOOHEmMMEH D, 2L
., 1Gy BE#EELS 5Gy B CORERD
WM ARG D v, FEE A OREKF

3. r RBShc X sififEEREER (Cs—137)

# B #% o A ¥
(Gy) 4 6 9 12 15 18 21 24
0 1.8 1.9 0 1 3.8 2.1 5.2 8.8
1 0 0 1.9 8 9.6 5.4 9.1 12.1
2 0 0 2.1 4 17.3 2.0 9.6 -
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Influence of Biological Variables
on Radiation Carcinogenesis

Shunsaku Sasaki
Division of Physiology and Pathology

1. Age at exposure : Female B6C3F; mice
were irradiated at day 17 of the prenatal age, or
day 0, 7, 35, 105, 240 or 365 of the postnatal
age with 1.9, 3.8 or 5.7 Gy of gamma—rays
from 'Cso. All mice were allowed to live
through their entire lifeospan under a specific
pathogen free condition. It has become evi-
dent that mice of the late fetal period have
susceptibility to induction of pituitary tumors,
bone tumrs, liver tumors, lung tumors, lym-
phocytic lymphomas and ovarian tumors.
Neonatal mice were found to be more suscepti-
ble to induction of lymphocytic lymphomas,
liver tumors and ovarian tumors than fetal
mice. Irradiation of fetal or neonatal mice did
not result in the excess development of myeloid

1. &

REHRBEOLE Y R 7 2 BETHHDORD
BN FEIREFRBTETH S, EREY» BIF
HRECHRE I CHETA L0 IEVRAE T
BEORENZDLND, WEHEALBEHETS &,
BB OBEIFE & RERH P EREF LR
BLDEND, Tiebbh, BEREARZ LT A
DT B, AFRCEVCTUTI—H L TRERT
BERRGT WA ENEBEMTHhS,

ZD XS IHEFEC X VB ONSR L LRI
B, BHBESACRETADENEROBE
ThHbd, MEABOBEHIKROBE Y TH 5,

i

leukemias and Harderian gland tumors, whereas
these neoplasms were induced by irradiation at
the adult period.

2. Comination effects of radiation and
chemicals : Both sexes of BEWF; mice were ex-
posed to X—rays at day 5 of postnatal age.
After weaning, pellet diet containing 0.05%
phenobarbital was given until their natural
death. It was rather surprising that
life —shortening effect of X —irradiation was
decreased by oral administration of phenobar-
bital. This effect seemed to be due to delayed
development of neoplastic diseases. Ad-
ministration of phenobarbital did not result in
decrease in incidences of neoplasms.
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Ihic,

RITMEEE CH 5, X8ix 3.8Gy Batko
RAR L BHEOHBMOBERTH S, INRER T
ETCORHBFECE - CRERSHEM L, FER
o HECBAREE THREEIE . BRIREH
DB L b JFERERIEFLS VI EEED
BAHBEMHRD bt BAEICI TXER
LT O TRRSEHAMET LTIT<,

=Y RAD— X — RIRTHEHRC X 53RN AK
EBREMOBRETH S, X9iL 3.8Gy BHHED
RAER L BHBEOABOBERTHL, ~—F -

B10, 18 dpc, 3.8 Gy
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X7. BlOyR~7 ADORBEISABIC ¥ v~
% 3.8Gy BBH Lictko L3R, BKE, v v
SRR v AABEB IO OMOERI L HTE
T HEOHE 57,

BRESIRIEME 0 ABOBH T L > TixREL
ehote, L L7 BOBHEBICIIRERI Y
mite, BbEVCRERIIIFAB LCI05HBD
BHBECROh T, ~— ¥ - KREFI22408 3
JU3SEBMOBHIC L > THERINLM, L

DE ORI RS E RSBV LS A
Thsb,

BRI AR IR, 0 BRI 07 B D
BEHC X - T RAE Lich -7z, S5HBLEBOR
HrBFRDELHEDL. BbEVRERERIIZICAE
BHBCRON, BEHO Y — 7 AR L EBVE
B 501z 0B E IR TH - 72,

MBERA Y v <L B6C3F! ~ v A BRI
BAREETHEE CTHS, BEBRRBRHC L HFRE
EHHINT 5 - Lidfa GERBERIZET L,
ZDETEHE L CRHREHEFEELRb R
(1D, BREMSIOHERHOBEIC L v EL
S RAERIMET Ulc, HBEREY v EHixEih
CRETHEE Lo, REHRSHT & 5 R4ER
ETRHFESERCIE LTHBETES LEbR
Bh. BREESHERBOBHEOFELE T
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ChETRRCELBEEOFHRCET RZH
DEMKES ST LI F Ldte, o7 LERRERA
Y v SRR X h i Lgy D TR,
RO X » FRCET IREROFERER
UNReHEX—HERTH S, FERBADOR
el oBFZRIhLTVWEE LRAPOREIT X
DRI VPLTVEBIRRZCLLHLNLTH
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70}

Increase in Overall Incidence
of Neoplasms of "Susceptible” Tissues
Dose: 3.8 Gy
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DR CIFRINT, TEHEE. BHES L
URFEE OFFB L i E RO H 2T % h
CREEUSRE . U v BRBY v EER
JUOMEBEE OERCETAEIML D HEHRD
Bika s DIEGA, BVRAEBUITCEEZ®D
E— 7055, RESEHOEEIFERH L
T sb, L, U vBREY V@ F
[EE s LOIREEOBR BT 2RZEML DD
FEROIEIT A D IEVAS, F BRI LR &%
Hovr—7255%, BEHERAOKE
FHERHO L CITWB, L L,
D voERELY Vo, FFEE S L 0P
EEBOFRCE L CixFmE RN
PEEZHEAE

Rl2 KBS OFEEY T D 1-
B0 E 5RO BSRBEIC X 280
LREEO B L DBAGRTH D, Hik
BREY v AL OB ABRVT W
%, NBE BT HEEYFOBEGD
BHRIIINE TH -1 M12HHH L
e kO CEB R R oBEEOESFERD
WM BY Ui B R b R
AR, ZTOBRKRETET LTTL,
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Age at irradiation, days
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Dose, Gy

X13. FoAEcETsREDRBRERET 7
=/ AN ER—AZORSEOKE, 5 AED
B6WF;, i~ A XE 4 BE L, BEAE 7
=/ AN E X —AR005BCEURBY S %
726

%2 FAERMCXHLRE Ihi- B6WF, -~
Y ARKBGT HERFIECRCRIFT 7 =/ A
NER—ALOEE, RERORMILFETE, 1
0-¢/8

8B =
zan
101-500  501-700  701-900 901-1100 101-
0 Gy 1.05 9.50 36.81 62.79 179.25
0Gy + P8 1.90 6.30 22.35 72.41 115.40
3.78 Gy 9.40 47.14 115.04
3.78 Gy + PB 6.44 17.50 82.39

FISAMBHOBECR NS, BABIIENE
BB L T 0 HIB L 13 LVWREZH 2 o
BEFHEEOBESRII0BBMOBE L v is
Vo THIIBAWMOTHEHEAMBE L V v E
DFERCIVREELB LR IBDTHS
5o ChbiBRHOBEGWEETHS, K205
Bz, FHEBOTRIEEFRETHHZ LuH
SARBLTWB,

b. HHBBHEBEDCFYERS OHE
X13ixFammcBET s REYDRBRCRET
T/ R —1 (PB) OEBLYRL TS,
BEHERHE O PB Eo#Eic X v BB X
LEMEHBIRNRV EILL T B ENGH
b, BEHEYRBHEE T PB YLz —F
DFHFFIBABEBEDO TN L D HR2R2R Y,

B6WF,, female

10
3.78 Gy Lymphocytic lymphoma |
st 29.6 % |
" 261 (20) ]
0 1 1 s 1 1 1
| 3.78 Gy, Lymphocytic lymphoma |
. PB 27.4 % |
i 5
- B 315 (27) |
(]
g o : ’ ' 1 1
(]
- 10
g 3.78 Gy 7.8 %
~ 5} Ovarian tumor 570 (39) .
0_4_;4_J_1huhd_+_;_
3.78 Gy, PB 13.2 % |
s| Ovarian tumor 729 (24) |
0 L 1 H 1 1 All‘llL__l'
(o] 200 400 600 800 1000

Age, days

K14, XHEBEHBEO U v BRE Y v & PHE
BOEBANBESBCRIET 7 270K
2 —nDEE, B6WF, <7 <,
HErFR R AR EZRE ., XBORENKEVZ
E PBRIBZEFEREEDRNVAE (. XEEMHBEF
EOMABEEENRDOBND, ERMFIFECECR
F3 PB OB EAFLDLDNEK2 THSL, R
HEw KT 5ETERL PB it & h £ TOERIE
IR WTETLTWS, 501H»BT008EE TD
FHEROETHROKE L, ZTRIRLELT —4
X 3.78Gy #BE S hicHtic OV TOLDTH D
M, OBHEBECETHRAETH - 1,
3.78Gy % BE IhicH~ v AT B Y Voo
BRAY v ELIREBEEOFRIBES it % &
DDA TH DB, Vv FHY v FoRE
R PB B 500805, XREH
HLoMIAERZX -, —77. NEEFORL
Bz PB 58S WTHLMTEV, F4E
X PBBEBERKIVETIR LRI -1, KI5
HEDIEMRE 3 X O 3.78Gy BHBFOFEE R4
ZRIZT PB OBz > TDTF -2 ThHb,
FFES X PB off5ic & b RERNHEMN L1,
Z BRI RHE ORI LKHS TH - oo



Liver tumor

1oL oGy 3.6 % |
| 833 (12)}
o 1 e L 1 1 =l Lo, 1
20} O Gy, PB 52.4 % ]
953 (22)]
101
*
s L ala -
S 3.78 Gy 24.7 % |
T
2 o} 649 (18)]
£

-_._‘_._m__‘lltl.l.x_l_m_n_t_n_:
0

20l 3.78 Gy, PB 66.2 % |
676 (18)]

(4] 200 400 600 800 1000 12Q0

Age, days
15, *R#ER L OXBRREFEC BT HFEED
FERNBESBERET 7=/ S ER— 1
DEE, B6WF, < X,

%3 HEE. NEEERIOY v EOHEKC
BIT5~v ADRME, 0 B v ~F%x
3.8Gy ®5t,

FrE%. % SRR, % PIAL: P
HER HME SRR KR SRR RMER

B6C3F, 12.6 56.8 0.0 14.8 0.0 4.9
C57BL/6J 7.2 15.0 0.0 8.3 0.0 10.0
C3H/He 73.3 43.9 5.0 31.6 0.0 35
BI10O/Sn 1.3 8.0 0.0 6.0 0.0 52.0
BIOBR/Sn 0.0 3.2 0.0 4.8 1.5 50.0

FFEEIIXBEORC L »TChHFERINI, RiTD
FFARRRID KIS CTH - 7oy, BED S D b
DEEFhTuil, XBE¥BHE LI~Y 2 PB
55 LIFEREORERIZE LML,
T ORERHNIXREBEL D L Er ok, 20
$HE0 PB o RN TH B L Bbh 5,

c. RffiZELEHE

B6C3F,, C57BL/6J, C3H/He, B10/Sn ¥ X
O B10BR/Sn ~ 7 2 ORFBEE & Hi4: Rific » v~
<% 3.8Gy BH LickoFEE. NEEEK
LOWY v ~ERBY v BORERYEIICE L

F4 S HELII20AMCXBFLBH IN22:8
Bos ., FOFEICKT 5 K6 ATPase
EHEETHRERO K

HE ATPase(-) ML NI cn?
rad sgv 20 gV
0 0.74 + 0.25% 0.41 + 0.172?
50 4.06 + 1.04 1.46 + 0.55
100 5.48 + 1.56 3.15 & 1.56
400 28.54 + 4.73 13.32 ¢ 3.45
1) BRSO B 2) ¥#H= SE

Bic, FFEEE C3H Bk 4EEO~ Y Ak
WTEHZ LML, BREERDOF
C3H ¢ HRFEAERDE\L C57TBL/6 L DHEFES
—f B6C3F; B HBC X 2B R B L TER
ZHTHDHZ LITERE, B6C3F; fff~wv =
DHRBERIEBE OFHETH 52 C57B/6 @
Lo, FEERL v v~ RBHI X b &%
TRWTHEIM L, C3H it &0k CERSY
THHH., CORKTITARRENE —€ v b
BIDZENPEBINDETHD, X DMK
DEARERIIE . Y VAEREY v BEOER
B8 LTt B10 7c 5 0% B10BR MEZHLNS
W IRBHOEROEICIIEN T, BRE
£ RT3 L TR\ TEL 2 B10BR i3
RTEHHVEBREENR LRI,

8 HE 20 A X% IBA S h 7228 0
Sy F OFFIRIC 317 % MlEER A ATPase i&
HETHARERAORIZSOWTDTF — 2% % Libi
DNRE 4 ThHD, ARERORIIBRECKTFE LT
WL T, 8 REBHEBEORDOH 2208 ED
BHHOBE L H LEI S T, Z OB
FEPAMEC X AFHEEFROSE OEE ORI
MfRERC U HEYRF TV B E b5, Lx
L, —~EE0ME R CIIFES OR4E 1 RD e
Mot 7o MIBEHRIC X AFESFRCBL
TERZEHTHD Z ERBERMShTWBZET
HoHH, ZOEBRIIBHECEEORMBRMERS L
SEMPRE L BHBFOBRBCEKFE L THET S
ZéwmLic,

4. £ &

a. PR
SEOERIT~ T ADHAEN LR E TORI
i FaEmcE L TRLBIRAFE - EX R
Lic, A HAND L1250 CEMEIBNKE



CEREETH D, FoEmcBET s REROE
BIRTFIEIER OF R BT 5 BREMOERKST
M (X12) & XT3, SEBIEREERC
B L CREZMEAE b I B R B L TR
HAREBCC LR OBRIITBLTVWA E V2 &
5o TNLNDEEOBERICEET 5 RKZ M OFR
KERIEBEOBEICI D Fh FPhB s, TE
FREBE G EREEAE] 5 X5k
BHTRELZDRILKDBROBHEDOHETH 5,
LU, BRCETAREN v~ L B
HeEToREOEE I YW TE WAL TH
HBZEREBELTIWZETHAD, BBEHEBO
=V AR EBHOBEBREOBRCEZIM YOz L
PHELMIE 7, B6WF, =7 A% B\ i-qiE
DRB T ABEOBEOERCETRZEY
Boz LRBEDIN, LY VAREY v E
LEEBEOBRCHET AREEUYH O LNED
b, =7 AOFERBISEROBEOHFR
EOWTEWERZEE Y- B ERBELNAT
BHoHH, =7 AOHERORERMEILe DRI
et L Twb Z b REEYETLATHS,
s f, BRI kT %7 v vBROEST. B
CHsUT AR R » + 7 — 2R OETT, M
a—7 =7 RTA VEBEORINENREFOHT
HbhH, COREERBICANT, b b DRIBHILE
BBRCHI VBRI OLHEEINS,
Tt L, BEHRERBURTORBS I & » EBHR
EhicE Wi BMEIIHRADERLYEDTCHEELL
Vo Eie, BRIRHIRHERPOBRET X hiEMmL
BB ABREANCIRERE Ch 7o ELER
EINBZ ETHB,

b. BSHRBHEOENERE OHE

7=/ A ANE R - LVEEDAYEC L BFES
BREYTrE—-rTHIERHBRT WS, ZOD
ERABEB LY TIXBE 7 =/ L EFx— A
LG5 EFEEFRCH L CTHENE
ALTHEMIXBEBOFHEL v IEL kB L
FFELE, Lrsie, XBCIrsEGERDRE
R7 27 0 EZ2—ARIYNELIE 0T, 7 =
7 ANEZR—ALIBEEOREREYELSTHD
T, IRABEHRIZ X A HFREBYEDEROR
WeicoTWBLELBID, 7=/ 0 EZR—
LI TERENLORERL T VOB A% — v
EZDEVCOIHENREB IR TV BDT,
CNAFHERDRERC LRI DD Da b L
g, Lo LENESHETE Lis iz b
W EThD,

Tz ALVER— LB Y ) FEEORER
I Lic, HARBERDE-F » MR\ Tk
DL 5P RITEV DT, =Y ARKEWTCEL
W FBEORAROHEMIBRCEZ B =
TV g VIRT =2/ AAEE—ANBMERT BREER
THAH EELT5,

c. Rz ERE

FEE O BARERDEL C57BL/6 & 84K
AR C3H/He D #fEE—1% B6C3F; (18
REEENL I EEL L, BB X528 R
RRZETH S - LITESRE, ZORE—B
W2idsd ETHEEELRO TERYEMNTRET
HH5,

BRELE D IBERVCRESCEH RO H A
BB I AFRCBE LU TRRZERFG V54
BErRbhifc, ZoBRKIZhF Crfiicbhi:
G OERERY RET L0 0 —BENS S X
SiIcBbhs, BRNEMTZEDTSEBILK
MREHEDDLLNENDA S,

(xR
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Studies on Radiation —Induced Thymic Lymhomagenesis
in B10 Strain Mice

Masahiro Muto, Eiko Kubo, Hitoko Kamisaku and Toshihiko Sado
Division of Physiology and Pathology

With the use of B10.Thy 1 congenic strain
mice, we reexamined the earlier results by
Kaplan and others that lymphomas could
develop from lymphocytes present in the nonir-
radiated parental thymuses grafted into thymec-
tomized, fractionally irradiated H—2 semiincom-
patible recipient mice. The results indicated
that 37 out of 91 thymectomized and irradiated
B10.Thyl.2 mice, which were grafted sub-
cutaneously with neonatal thymuses from
B10.Thy 1.1 donor mice, developed lymphomas
of which 759% (21/28)were shown to have
originated from grafted thymuses. These
results reemphasized the indirect mechanism
for development of radiogenic lymhomas. To
attempt to reveal viral involvement in this pro-
cess, we examined the rearrangement of various
endogeneous murine leukemia virus (MuLV)
genomes and the leukemogenic potentiality of
the bone marrow from fractionally irradiated
mice by injecting intrathymically into newborn
mice. However, we could not get the
evidence that supported the involvement of en-
dogenous MuLV or some kind of transmissible

1. #

BHBIC I VERSI KL AROERELE LT, A
MRIFEDORVIDO—2TH%B, ZDOAMMK
DEE T v E LTD~ Y ADKERFER B MR

[l

agents during thymic lymphomagenesis.

We found, with the use of intrathymic injec-
tion assay, that “preneoplastic” cells that will
eventually develop into thymic lymphomas
under the influence of thymic microenvironment
first appeared in the thymuses about 4—8 days
after irradiation. These “thymus—dependent”
preneoplastic cells were termed ‘thymic prelym-
phoma cells”. These thymic prelymphoma
cells were detected in 26.1% (6 of 23) of the
test donor thymuses when examined at 14 days
and in more than 63% (15 of 24 and 14 of 22)
when examined at 21 and 31 days after irradia-
tion.

Fractionated doses of X —irradiation induced
drastic reduction of the number of pre T cells
in the bone marrow and changed the thymus
subpopulation pattern. We also examined the
generation of functional cytotoxic T lymphocyte
precursors and the changes of expressions of
IL—2 receptor, various kinds of oncogenes, T
cell receptors during lymphomagenesis. The
significance of these findings on radiation—in-
duced thymic lymphomagenesis is discussed.

B, EBRAMBEINTVIEN, FRNED
Y5 LTHEELTL A DnTik, ¥753 L
AEBRIN TR, Tihbb, BRI -
TED XY Isfifgic, Yo XsBkr Rz v %
NBED IS LTAHMFL L TEELTECES



LdbNEVSZEThHD, BBl - T
FBRINDAMBOFEE L~ 7 ADRBIZL - T
DI BRI BN, FD L5 RFERERORERS
L <bmoTuiou, ThboERNEH I,
HHBRENADORERE (V2 7) 23T 556
OHEGHFB LY BN LI Z LAHES &
LT, BIEBY A7 DEFBILOFE, 2 VBB
LRI ND, BEHRRED 2 = X s %~
% 1ediit, BRI L » TEREOBEROBEE S
ERIAEULRRFERA LT, HEkv-anbila
VR ETHAEDBEAEBIRTE S L 5 I ER
PLBETCHD, B2 OWHEE Tk, B10.Thyl
YLz, FARYRAERAGCCHEBICL - T
BRIZRBEZED V) v A MmE FiR Y v -<E)
DRETHERRCOVCHFRE T TR, 19
RV v AREOTEICOWTIL, ZhETIRELD
MEBLIRTVBDT, —MERLDBRLE D
HERF L, SHRHFLVERYML 52 L2 H
Kte D THET %,

2. HRE=E

(@ —~wvA:<v A2 B10f/Sn (H-2b Thy-
1.2) (Li#% B10.Thyl.2 :BEEE$ %). BI10.
Thyl.1 (H—2), B10.BRf/SgSn (H—2k,
Thyl.2) (Li#% B10.BR.Thyl.2 LBEEET5).
B10.BR.Thyl.1, B6C3F,; (C57BL/6]JNrs X C3H
/HeMsNrs) Fy #ff L%, B10.Thyl.l =v
Ak, EE. BRR. #®fEc X » ¢ NRH/Nrs <=
7 A B0 Thyl.l =—% —% B10 R~ v 2
RERLABRC L > THEALTER S A7 A
T#%, B10.BR.Thyl.l (H—2%) =¥ &%,
B10.BR.Thyl.2 (H—2k) ¢ + B10.Thyl.l (H—
) g #ZE LT, SREDOFEHLH H-2k L
Thyl.l CBSLChEe@EEEko =y 2 B LT
BRLILLDTH S,

b) XERBH: 2FBHE. 5835 (BBl
EFT) %A L<. 60R/min, (200KVp, 20mA,
0.5mmCu+0.5mmAl 7 4 » % —, X{HiE
1.24mm, BEHEERE 52cm) OEHFTITo1, =
v AX33x 3 HimA S, 161Gy 8HZ &z, 4
BIFEE Lo

() MENFRER: 15 Ao B10.Thyl.2
<~y AOKRERH L. 5 AR5, 1.61Gy 8
BZlww, 4E£5BHT5, EBH% 3 R
e, RS oF4 R B10.Thyl.l, 7 H# oD
BlR%, TB¥ (B10.Thyl.2) ol & T ioBiE3
5, £ UTL R Y v ~EizowT, donor

3 (Thyl.l ) »», recipient F3& (Thyl.2
Yy 2%, Thyl <-4 —CH,

d Thyl 1 v 2 MlFER (2X108
/ml) %, ®/ 7 v —3afitk (T—-11-D7) =
1 Thyl.2 itk (F7D5) LRIES €, i v ¥
DR & L X 5 Shiroishi Hbic k53 7w
1+ FFUTFAERL - CHIBEEESE Y RIE L.
Thyl D &4 & v 7% 5T o1z,

(e FH#i+ 7 DOER: 10—12:8% o B10.
BR.Thyl.2 =2 2% 104Gy (337Cs r#3) B& L.
stk 2 — 3 BEEILIA B10.BR.Thyl.l =7 %
DEHMIY., BRSPS L D EF LT, BHF £
FHRIER Lice ZOBAE. BHMATH Thyl.l
ik L AR L,

(f) THfBERT IL-2) 0% : ConA
lpg/ml, 5X10-5M 2ME % & A 72 RPMI1640 £z
BRI, 10—16:8E D B6C3F, oMk (1X107
/ml) %{FHE L, 24F5H, 37 CTHEET S, £0O
BEEEEYROCIVED, PM-10 7 ¢ =
VEAT 7w —R VT Vv AR —RFERL
T, 105 BT 5, TOH, 7Ty 2 A
G50 iz ConA % #E X T, RPMI1640 B5& %K
X L TER T\, EFREMRoMIaEEN
T#ia (CTL) EHOBEEEIDOT A b %T-T
TEMEA A AIE LI,

@ MiEo CTL moFE - iRkile (3.4X

106) %14.2 Gy 7 B4 L/ B10.D2 Mk

(1.7X106) & & % iz Modified Eagle—Hank’s
medium (5% FCS, 5X10-5M 2ME, IL—2; ()
THELRhid D% 2ml OEFER S0 0.1ml b
%25%) WRAL. ¥ v 7 224K culture plate C,
6 HHEBET 5, BEKk. MlazxE0 LTED,
“Cr ittric X v CTL BHEARIE L1,

(h) Donor i3k CTL D EM:0BIE « BE&Ei
X oG EETHEREELECHE. Thsofifan
donor Hi3kA>, recipient HEhsH BRE Lo\ B
ik, Hi Thyl.l 5% i85t Thyl.2 Hifk b gk
THEL, Cr HEBE XY EBbOHRED
CTL 2% HlI%E Uiz,

(i) SCr FEHEED: : BEAyMAE L LT L5178Y #
fa (DBA/2 th3kYV v 74 —~<; H—29) #{#HH
Lfce 1x%107 #ifE 1ml iz 1004Ci o 51Cr % jn
2 C3TCCIRRREEL, D% 4B T,
MCr 7 A S o Bl L Lz, 1 Lytic Unit
13, 12BRRLAPSIC 4% 104 ERG#ifa % 509% Lysis
IRBDORMHERY v B L LTERT,

(j) CFUassay: i« 0RO EHME%Y., 9Gy



BHLICRAR~ Yy R0ORBEIR L 0 EH L, EHE
8 HEB OMEE 77 vEER CEE L CHIEOFE
HDO2w=—DR%AIE L.

k) F4ERBRCEHAERYBETSHE 4
BIBBOHFERYKO LT 1 ~ 245k %, K
B3 %, BEMET CHE o L% 1lmm & EFIEH
BB CEBIL, Evey FTRFT, BWROE
FHEY Rz 2BcT5, Emiflid Lick v &
FNATIOpl e WELEAT D, TOHFI 1 vV
BEAR (10, B2 T 20) 2ERLTES
T 5,

(1) =7 ADOKRA~OHDOES : 6—988
D<= A Nembutal (Abbott Lab, North
Chicago, 5mg/ml in saline) % 0.0lml/g A& T
TH LCHKBET 5, B85 D LM% Smm % FIEF
BcBWEIBEL, ¥y ey P TARFTC, WROE
FHEEY R RT3, 327 — o Dgteoltie
0.2ml HEHBTOpLI EALLE, 79 » 7 TR
AT 5,

™ FEEF O pre THiBIDER : B10.Thyl.1
~ v ADREMBROEE V- A A E L T,
3.79Gy B4t L% B10.Thyl.2 = v R gz
T %, TOH1 y BB, ThboliRMiEy
BT~ Uic#t Thyl.l 5\ k31 Thyl.2 7
REFERALTHRAEL, 7r—Hf P2 FIRED
S Lice £ LTEEOMMIICA Clott5Edk
THROBEE*RAX. FHMilaticds pre T
MR O Z RARFRE 4+ H TR L,

n) —EHCHRE : Rk, FITC #E#
Lie#i IL—2 ¥ + 7 2 —4ifk (3C7) i
LTy 5tk (GK1.5) &, biotin fb L7z#i LsTy
PR T /s Lyt—2 Hitkxnx TRBA& L. 0°C,
05 RIET 5. LD 3[E PBS, 5%FCS, 0.02%
NaN; T###. phycoerythrin—streptavidin (-~
srVFALAF VYY) ik, 0C, 05&EET
%, 318 PBS 5%FCS, 0.02% NaN; Tk,
Flow Cytometry (FACStar ¥7:i34 1 Y %A1
7rua 757 IS) THHF LI,

(00 mRNA oRHEOEE : #ilkx., 4M
IF7 =2 vFF 7R — 1+, 25mM NaCitrate,-
0.5%Na—N —lauroylsarcosine T+ &+ {1 X
L. CsCl & (5.7M CsC1, 0.1M EDTA) o
FiwEE L, 35,000rpm, 15C CI5FRLEL %
79, Bbhicv, b 2KEENML, 72/ —
ATHREBD LT, RNA #B%, ZhbHo RNA
bR —RXR VT LVYT 4 L&~ LT,

15 g |AE €, 80C 2FFILET 5, £ Dk,

hbo7 4,vs—FDRNA %, 32P 50 L
1A DTr—T NI T DELRER, F— b
FUFIITI7ERFTIEEDIL, 2 VvI LV VETH

L. B> vFrv—vavhovi—17T, FOIK
HiEEYRIE L, mRNA OFBE® T -1,

P BWEABHET . 1 RE L5 THESL
DB : oW REE L DB N%EB T, B10.Thyl
2V =y 7w ARFERL-REABRET &
4 RFIL L - T, THRSILOHELT 1,

3. % R

(1) BV v BRI R 5 B O s
B 1195651 Kaplan &% (C57BL X C3H)F,
<~y 2AORIREFEHE, 1.61Gy, 4ERH L.
iz CO7BL RDFAER~ v AR BHET 5
L. BERBEEShTWEVGCBEBRBRERDO Y v
SERIS, BIRY v AEARETEZERREL
TLER, BHRFRBIR Y v ~BEo R4 s
B L > THERINIBREORT (HRMKEY 1
NAVBBEELTWB EELBRE ISR -T2,
L Lisdih, 2hETDELORBEDEBIC
bbb, ZOZ L XEHENCENTA LS
KERBIILEBLATO, 202 L BEEL
T Kaplan L5 HGIEERARIBFROBIEY Fy
<~V ALBHETHLEIRTH DT, AES
BT L BY AR TRV a5 5
BB ot, LaLEAh, ZORBRERE, #
HBERPAD L A% BETH L TR TCEEK
METHLDT, REEMCEBHLEL LIS
Thyl congenic R#ED < v A0 G2 A
T, ZOERBR®Tok, Thbb, | » Al

1 BHHRC X ->THERY v E EEACSE
BIxND I EOEBIITHL
A, BRAEXR

ERE W % ' B OBHEBR 7:7)‘7:; :smg?;)
1. BI0. Thyl.2 ﬁfg:ﬁiﬁ Bl0. Thyt.l 91 (43?7)
2, Bl0. Thyl.2 1.61Gyx 4 LooL 2 (92?3)
3. BIO0. Thyl.2 Iﬁl‘:y'fiﬂ oL a 41.1)
4. BIO. Thyl.2 WIR# % B10. Thyl.l 23 0

B. EB#1. o Thy IfiED A v 7

Thy 1 =—#— JELER (%)
Thy 1.1(¥HgI% d %) 21/28 (75.0)
Thy 1.2(TEEd%) 5/28 (17.9)
Thy 1 2 2/28 (7.1)

A% 4B TR L. SBIBS Ui~ A DKL T
T Ry B AR L WD 5 4 7 L B AT
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B10. Thyl.2 = v AR EMH L, 5 B#E»
b, 161Gy OX#H% 48, 8 HZ LireyRa
L. £0&h &+ CIERBH® 7 B B10.Thyl.1 =
7 ADKIE A REE TeBE LT, £UTL 3l
BV v fEic2u-T, donor i3 (Thyl.1l )
7>, recipient f13k (Thyl.2 &) #+% Thyl =—
A —TRRNED , 2ofERI.RLERT L5,
FERICHGCORIINEDOP TR Y v < EA 37T
CHE L. £DHT typing HRb DDA, 75%
(21/28) 7% donor HEDKIR Y v ~ETH - 7=,
F 7o, 17.9% (5/28) #5 recipient H¥. 7.1%
(2/28) A Thyl =— s —EBMETH-T. ZHb
DOFERIL, Kaplan 255 RB L X 5, R VR
FHEGIA] B o> D EYATRE /e v 4 A AR T4
LT, ZhrBERRCE ATV 2 RKBVCR
Mz b ERich, DAV BIPIDOTTEEM
E LT, Bl EBatEGk OB h kM - Bk
BT TOAERERY vk ooEM
MlaEEEERC L v, BEBRCESEh T3
KA BBHIRABIL 285 X 5 b B EIE]
EREZINLZEFTRB LT B,

Ch oA EEMIcEEE LT, &I, Lieber-
man (J. Exp. Med.166, 1883 —1893, 1987) &
I, S EIRE L7 B6.Thyl.l =7 2 D 'BEiMka
BLDOEE, HHNIELZ IS DERMEY
100Gy #5t#k. 5Gy WS L7 B6.Thyl.2 =~
ACEIRES LC, BERRORRY v Ea4
La2E I %A, TOBESTEBH I
~ 7 ZADOFHMREBA LSS I3#940%.
100Gy Bt Lic B L Es LB a it
18.2% DEMKICEEHROMIRY v EIEL S
ZERRHML, COBRERNDRBREMD Y v EH
BRFHI B HRIRMRCBT T 5 L &5
SFTw5b, L LZDERTIL, BE%R 5Gy
BHLTWB bbb T, BHORKL LIS Y
VABOREIIRLhITGE LTWAR, Zhit
IRhETRHMBLNRTWHELL DERBEELFE L
TWBHDT, WAk, ZOREVBLOREETO
BEYER LI Linid it E LT UL,

& 4% B10.Thyl.2 RoHFER <~ v A Dl
., EIEE L7 Bl10.Thyl.l = v R o> EH#a
ERETAZ LR LT vAENELENED
MEBEE L, COBE. BEIZBHLCLIL
DT, FHMREBA LA —7T, b LEE
HED Y v EAE LT, B Y v-EH
FBRFIPFEL TS EFTH L it
5, BRIER2FT IS, SEBH L~

£2 SEBH L~y A OBHMEYHE R
BReBHE LcBIcE Uy v

BELELLY voof

SrEIRRGt

Thy 1tE
HOHE HAE ) Thy 15#E
HeE B dk/EERK
1 318 1/15 0/0 1
2 318 2/23 0/0 2
3 158 2/15 0/0 2

SEIBE Lictk, Ao AR, B10.Thy 1.1 =¥ 2Dk
BRE»OEHME (W2 x107) @&t b, MREER
(20p118) & L, #hZh 10pl ¥o% 2PE0 B10.Thy 1.2%
ER=7 AOKBRCBIE L, ERERIBEBUAETO

T =%,

ADBHMEEABALTY, BXhROTHIGY
A1 EES, Thyl ~— 7 —B#ED
U v AERPEG (9.4%) £ LT Th T,
Pl Eotkic, BHEfilus» b oD Y v B
FRRFH, RvcligMlaz B3 gy v
SAE /e B E GO RFBILTIE, Sk, 1T
L LAEBEEN LT — 2385 T,

2 Y vEdEOHEREE I OF o
M SR E R Y v BoREBE T, §in
AR E LTORIY v ERE & M h B BEREAS
BHBINEI D, TLTH LE 55 BREDOHBREA
BHELIEBE, ThilaEs b - 1-HlR Y v
NEMHEEFEINESES D, SHERAETY v
B2 E TR LEDOMI EXFARL D
Z, B1l0.Thyl = vy =, 7 A=Y 2% #H
LT, KD &5 ERETT- 1,

SEBE% 1 2 A B Bl0.Thyl.l =7 A Djg
JR#fa L 4 2 A B ORI Y v B & OREFERE
OB NREET B 10, FhbOMBEREYE 2
T, @ 3.79Gy & L7 B10.Thyl.2 = 2o
FBRCEEBHE LSS L. O BEH LTV
B10.Thyl.2 ~ v A O BEMENBE LB &I
WTHERT -1, TOMRR. BEHE 42 AED,
TCRBRY v EE LR TEIRAER -
oM., BWRCBHE LSS Th, EENTE
BLAEBATL, Thb OBETNAL CIERIC I
LT, donor kD T#ifAaY v Ex 4% U7,
ZhieR LT, B 1 » B BoRIRMERZ, K
JRIZBE L8412t donor RO THIFT Y v
SEERECiehH, BEA~BALLES I
LTHIBEY vEE2E U\ &b ot, *
T, ZDXS3K 379Gy B Ihic= v 2D
BRACIME L CTHRRY v BxE U5,



AT Y v EBEAEUAZ RVl
(A0 v @Ml LEH L. RN TLEER
THIE5E LT donor iR THERR Y v R4 U
55y THRY v EHls] tEHRTAHZ &
Lt
FZTROERTIE, BV B, 5HE
BB ANLRRPNCHBT 502 KRF L
foo DEIRE%, 8B H. 14BH. 2168 H. 318
Ho B10.Thyl.l = v 2 Digiadifa (4X106) %,
3.79Gy X# /- B10.Thyl.2 = 2 D fghiic s
BleBEiictzs, 8HEATIR0%, 14BAT
1326.1%. 218 B 762.5%. 318 B T63.6% D5
Fiz, donor RO THIME Y v EXFE LR (K
1) ZOEBET, BHEKS HETIRETY v
FEMIRR 0 %5 TH -7, b - LBy
LT, zoEFEO2RRARYBEOKIRCE
Altckz A, BHE4HETL4%, 8BET
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“_%1¥H J

8 1w £ ) s0 62
FEEAt (1.61Gy X 4) DB #

1. ZEREH~ v ADRIEFCHE LAY v
S EMREOEIE

(C) ; 2rEIm8at L72B10.Thy 1.1= v A DK
185 X10°%, 3.79Gy®4&+ L 72B10.Thy 1.2= 9 2D fqg
IRiRHE, () 28184 L 12B10.Thy 1.1=Y 20D
SHIRsMAe %, 3.79GyM4t L 1eBI10.Thy 1.2= 7 2D
Mgl iz BHE, (22) | 8IE4t L 72B10.Thy 1.1= v R
DR 4Ria %, B10.Thy 1.2= v X OB L7127
DHEE-FLHRETHR Y & - SHED R AEHE,

5 EmRTHIRG Y > - SREFE A 3

1215%. donor HETHIRA Y v ~EREUB
Edbrotc, Z ORERITXBEEL L 0 BVRHE
(4—8HH) »HRIEBACHTY v EMEI H
BWLiE®, 21-31HB A 7c< £ H63% L Lo
BT Y v filarHBE LT 5Z &%
ALTWB,

FLEY vABEREVO S ALY vt
EMCEILT 202 T/5 nic, BEFICE
B2 2 AEORBMEY =5 LT, 00—
(4X106) % 3.79Gy B LicTE X Digigic BB L.
B h ORIRRMERR A b B L EEOKE®

ML, ThZhoEEico\T donor X TH
BV v ARBEXE LB E ) BRI L DORER,
B2 AED, $#925% OEMEOKRICIE, T
TIHEERF - CHRIR Y v ~EMRENAFELT
WAZ Ebh ot

Zhizx LT, o EIR S U BEoFeaimas .,
3.79Gy BH Lic= v 20WBHCBRE L E5%
Ti. donor IR THEY v BN 1FI 4L
fshrots (FE3)e ThOLDOEENLS BI0 R< v
ADFEIL, BRY v EORR L BETY v
AERAS TR RS Lo TRERD 2, B
BATEE L OCRIcfilanbRETLHEEZLN
bHo

3) BEHiMifaFo THEMR (pre T #il8) o
BELEHBHEC ISR Y v EoREFED
BT EI1OERIAL—F 401D bR,

%3 SEBS~ v AOBHMMBEORN Y v E
Eilialal e

MgBR Y > <k %
SRS AL Lt Thylfstk M R
®OBY prrme mEmgk | Vv TR
(Thyl.l) (Thyl.2) fatk
8 0/19 1/19 4/19 14/19
14 0/19 2/19 2/19 15/19
21 0/20 1/20 3/20 16/20
33 0/18 0/18 3/18 15/18

SIS Sh i B10. Thy 1.1 = v 2 O-EHiHIE (107
%, 3.79Gy B4t L7 B10. Thy 1.2 = v x D fghgic
BALR,

BEXrxodBEseTchlEYBE LB v
NESNE LRV R, XBRBHERCEEE
B BE LB ERER Y v AEOREFEH,
ZILLETTB LD, BIRY v EBoR4ED
Ah =R ahHEr BEEE., Bk IURRCS
WTEMRs S pre THfa%x & C TR SL
THEHTEDL S BRBARE » T B0 %R
REBZEDFHFECHEETH S BB, LT,
HxrBatEGkO M+ D pre THREOZE
2T, 2 20mEM LA,

o 12ix pre THROBENLE» D 21
L DT, FEBS L BlI0.BR.Thyl.l =% 2o
FHMRE, IR (10.63Gy) BH L~
B10.BR.Thyl.2 ~ v A D RB#IR»H B A LT,
Mafgi—4 U T < % donor Bk THilBOK RO
Fhbo*x 7 —THRSCEXENIC. T OEE.



SEIRHE 1 » A B ORI, BEERBHS
hie~ v 20MR %> FETHENIPELLETL
TwWbZ & ROEH (donor) iR+ 5 —TH
ROBEHLFECET LT B Z ENESMC
')f:o

2, BRHBREOEHMIEFD pre THI
D HE, BRAFREYAVTEN L, Thdbd
SEBS Ui B10.Thy 1.1 ~ v 20 FHEMaD
BruvwaAanwasEE2 T, 3.79Gy BH LE
B10.Thy 1.2 =7 ADKgiRic#B A LT, donor
mkoTHAAEEOKRCHE T 2HELR
N, BHMiates b pre THROR A BT L
o (K2), BHEEDOBHF D pre THIfZOEK
oW BHET0H ¥ TR TRS &,
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X2. SERH~ v AoFHMka+o TR
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BHGHIE T O T RSN DHIx &

LEHP O pre THIRAE L B LCREBIC
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KRR vV v EREOMEIT, 7Y v B,
B35 8 —14A B ¥ CIEH 7o Bk Bala AR
NEET A L5 & TBELATHLRICBE I
B CThHHH. 208 BLMBRICEET S & 57kl
TOBBIG RN 2 L HTD, Fiflo
ER TR, BEEOKHFERE L B10.
Thyl.2 =7 A2, XBHEBH~ v 2ADEHMA
A2 BET5 LETHEORER Y v ERNEEE
CHEETBZEXR TS, ChbDOERHBHX
BB X % BlRo—BRE#E & X R EIRShT
Lo TH s INn5FHMABRFO TR O

B2kIR Y v AEREOCEELERC - T\ 5%
tEz2bh5,

(4) RelMifa o5 L RE L MEEEERT ¢
AIE TR ic, DEBH I WA~y R DE
iR o pre THRKOBR BT, WIR
ATOTHEO MBI I ER L /> T
LHAREMDE 2 bh5, K, 2R EEO
BREE, FEEHAE2 83T :EE LA
BEICREL. zoRbEMLETLIOR, ©
DIEIF DS~ v 2 DlglgMilao + 7 — THikE
EHERPRE ) v BRKICEEEECET LR
n. THIROBESLAEECET LTV
EDTREINT B, ¥ 7HE Defresne?d) B3,
Balg ) v~ ERAERR T, WiRMiEoMES iz

C BEAFREERALTEE L BR TV % Thymic

nurse cells DENRZFLLBALCWBZ L5
HLTWB,

Fxit, BarDE/s 7o —FAHEYFERALT
Mg v v A EORABE CORBMRORE MR
OEEBRE LI, FORBE. XESsEHBRH~Y
ATIHEEROMBEBR LA KELELL,
IL-2 9«7 % —%RHALC5MROEEH Y
iy, EFLAREEOWBRME CIRER LT
Wit TL-2 FIRORBE N AL B 2 Ll Eh
b olc,

R~ OMEEEGF Ao EEIh, BOR
HLZhbORETF EOBRIOWTEL OWER
Kbh T3, FFEGIR. XBTHERLCHIE
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5. KRV v~ EFRER KT SRR
THFaHERE V7 % —(a chain) DR OE1L,

DRDOLNB T EHR LT, Hald, REHERY
v ABEFRBERBC KT 58« OMfAMEEET R
LOTHIRRBIRE V) 7 % —BETORBALHE L
TWah, ZThECRBLRICMRAE TR, REE
24—31H BT T c—myc BETFORBEED
BhrZEebh (K3), htRAKCTHREY
€S2 —DRNTRHELaHOEFENHA L, 184
DREENEM TS Z LB B LR (K4, X
5)o MRy EIRE IR O BolR AT AR R B s By R A
S BELTH D, a, PBITSIL LIRS
MBI REE IR T3, D LB
c—myc BIEFEWH., HMBEET EETY
PE L CHEREY 1 2 e fdsd R B EE ST
PRIEINT BT L EELEGE5 EHER,
#%3T Guerrero (Science, 225, 1159—1162,
1984), Diamond (Proc. 8th. ICRR, Vol. 2,
532—-537, 1987) &ix, RF/J ® C57BL/6 = v
ADKIIR Y v A EOH25-30% 1. EHILI R

k—ras NABGBFAEENTVWBHZ EE2HEL
TEH, ChbOPABGBTFHRIRY v EOR
F L ORI > TV AMKERKN L Ich D
ETATHA,

4.5 @

BHBBERBRY v iz, 1.61Gy, 4 ERSH
FTAH5ZEitXh B0 fo~wv 2l LieEmRE
LEesz LM%, ¥ EREK kT 58k
BRE, BEES LB A HEKNES T, BER
DADAN = RLABELIDDEREFALLELT
HHETHHLBbhS, SLRYMAZECTERX
iz Thyl congenic = v A% H T, EIA
D UL ARSI DBEERIWREIC 7t - 1o,
CHLOBHEERRYBVT, WRY v B
T U bR HR LSRR S EERAE T
ERBLREGC EXBERINR, RIEZAD A
B=RAEEZDHE. COFERXEELRERY
Lo LBbhs, B, TOEENSQL) HEHE
X ANREOAMB Y A L ALFEREIN D
7, 2) REHE#OFHMESRIRCBT L.
BHHRE» O OREM D Y v AEFRRET. R
#AicIRMIE S AL I TR Y v B/ b
EEZ I, BIEOTEMI VLTI, ZhETs
KDOWFEEDOE N L 05T, BEHRC L -
THERINLRBEY 1 L 2N EERRY v B
DREEL»IPboTWAHEWS Z EHITEHTS X
SR ELBLR TV, B4 b, FEEL
EEFT, XBTHERINCFEFERRY v @31
Fliz>\T, ecotropic MuLV = xenotropic
MuLV 4 B hybridize 3 % probe & F\»
T, FRODOHRESEY A L ADRR T, +
DFER xenotropic MuLV 0424y probe &
hybridize 3% RNA X, 2h oD 31 floig
Y v BN, EFERRERC SV THEWE
BHTXRTREELRRLN, ZD7 AL AR Y
VABORBECRESE L TWE EIELCLAVER
AR, £ DNA oW Th, 2hbHD
probe B\ TN LR b T, WESE Y1 L
ARBF OF - e A AR PIEIBOTR L 7R T2
EDHEFR I H - T,

RICBEEOREMEICDO\VTT 2 P BT,
£ 1 BEAR® B10.Thyl.2 Ha B~ v 2 DR
iz, EIREEISER 318 BoBoBHARY
HEHT2ER YT, BEOHER L, BEL
T DT, LEEXEHARY v EIE LB
By QTRNIwEER A E 2 e e by,



BRIZ, BERRS DI EERRTHRY v
SEOWTRG, E Lol 2D X 5ZQ)D
RFECBELTIZ, -2 L LEBEENRT —
2 =X Hh Ty,

T THENABEOMOTRESLY L I, %
THIRY v EBORAAMIETHHETY v EH
fan. RET LML L BERFPRELHRET L, Big
REEOMIELY RTH Y v BT, BEEs
O BRCE (4-8HB) »HRBERICHEEL
B, 21318 Bicidd e & 163% L Lotk
DRI R Y v BRRRAHBE L V5 2 VR
Ihic,

FRRBIDER I/ LT 4050 B8R,
BEXTERHETTHREBE L BE&TY v
SEXE LRV R, XBRHBEHRCIEELE
HHfa T BE LR Ee, WIRY v EBoREHEE
DELETTHZ L0, Bk O RiRAR
DB EES L OB 21T 5 2 &A%, FEH
CEETHD EEL I, BHiF 2 7 0EBRMS,
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hicw vy 2A0MREEETHEINELIETL
TWw5bZ EROEE (donor) Ik * 5 — THE
JADEHELEBCET LTCB T ERHALMR
st ERBAHEMAOBEMIaFT O pre THIM
D H, BREREXYRACTHEFR LLZA, B
HHET08 £ Tk, EEOBYH P D pre THEO
Bkl LT, 0.8— 1.9 BECTL£<EHE LT\
W ERHLMR T, BT, SEIREEIE
FHhEHARYBHET A LI AR Y v
REOWENL, 7Y v EMRSHEBT S8 -14
HE ¥ CREE A EHBRMRARI I FET 5 X
5 R TBEATOLALBECIIEYTHS
25, 208 BB EAET5 L 5 e coBMIT
BRIV EPRINTT, ThBEDOER®D
X BRBENT X % Kol 0 —BFAYEHE & X R0 EiR st
X o>ThichIhsFHMaFO TRIERMRD
MEPRIRY v EREOEERERIL L - T
5EEZLND, FLTZORI, SEREIN
o= v ADFHMEaF O pre T MK OBIHR S
A, BWRACTO THROS L2 BILI s E
ReoTWAAEELRELZ NS, EBE, 58
BAEGOMIRER X, SEBHE2ZPALTS
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B0, ZOPEPORE ~ v 2D Kl
¥ 7 — THREESPES Y v BRRICEMEILIE
BIET L TRy, THIBROEES(LSEF LA
TLTC W s EBRE T,

5. % @

IHE TIBRICHER» S, REHRHE R G Y
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RORERSIC X - CEHMEF O pre THIR
A58 L, Bk T AR O IR N~ DB 4T
BT B L, ROBIEA o thymic nurse
cells DEREA T LRI >T, BAL
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LEONABEBFHAHEIL-2 V75 —%p
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b, 2OBRELTHEARBOREY R
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Modifying Factors of Radiation Induced Myeloid Leukemia
of C3H/He Mouse

Kazuko Yoshida, Mayumi Nishimura, Kumie Nemoto and Masatoshi Seki
Division of Physiology and Pathlogy

It is well known that radiation induces
leukemia both in man and experimental
animals. However, most of radiation—induc-
ed leukemia of mice are thymic lymphoma, dif-
ferent from predominant develop of myeloid
leukemia in human cases. We found that
C3H/He mouse developed myeloid leukemia at
high incidence by irradiation. Then, we ex-
amined the modifying factors of radiation induc-
ed myeloid leukemia of C3H/He mouse.

The incidence of myeloid leukemia did not
affect when 1mg of predonisolone acetate (pre-
donine, synthesized glucocorticoid)was injected
subcutaneously into C3H/He mice. However,
the incidence of radiation induced myeloid
leukemia increased significantly by predonine
administered after whole body irradiation.
The augmentative effects of predonine founded
in 0.47GY (3—-8%), 1.42GY (20.0—27.8%)
and 2.84GY (23.9—38.5%) irradiated groups,
however, it was not found in 4.73GY (13.6
—11.4%) irradiated group. These results sug-
gested that predonine itself had not the effect
of “Initiation” for leukemogenesis, but it pro-
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moted the incidence of radiation—induced
myeloid leukemia.

Next, we examined whether the incidence of
myeloid leukemia was increased with the
stimulation of hematopoietic tissues. To this
purpose, mice were inserted a piece of cellulose
acetate membrane (CAM) into the peritoneal
cavity. CAM insertion into unirradiated mice
did not affect the incidence of myeloid leukemia
at all. On the other hand, the incidence of
leukemia increased significantly (37.3% )when
CAM were inserted into 2.84GY irradiated
mice. But the incidence of leukemia did not
increase when CAM were inserted 1 week
before irradiated mice (22.4%). From these
results, CAM inserted mice after irradiation
were proven to increase the incidence of
leukemia as same as predonine injected mice.
Mice were suffered surgical stress plus inflam-
matory reaction after CAM insertion, therefore,
the surgical stress considered to participate the
development of radiation induced leukemia.
To resolve this point, srveral experiments are
now in progress.
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NO. of Leukemic Mice

Incidence of Leukemia (%

NO. of Mice N. T. T.L. Myeloid. R. S. N. T. T. L. Myeloid. R. S.
CV (X-Ray>
Control 110 - 4] o] 1 9 0.9 8.2
Pr. Adm. 100 0 0 1 6 1.0 6.0
0. 47 GY 133 2 o] 4 7 1.5 3.0 5.3
0. 47 GY + Pr. Adm. 100 2 0 8 4 2.0 8.0 4.0
1,42 GY 110 0 1 22 6 0.9 20.0 5.5
1. 42 GY + Pr. Adm. 108 2 4] 30 11 1.9 27.8 10.8
2. 84 GY 109 1 4] 26 6 .9 23.9 5.8
2. 84 GY + Pr. Adm. 109 0 V] 42 5 38. 5 4.6
4,73 GY 110 3 0 15 5 2.7 13.6 4,5
4, 73 GY + Pr. Adm. 105 0 0 12 6 11.4 5.7
2.84 GY + Pr.Adm. x
%1 H. before Irrad. 114 1 1 42 7 0.9 0.9 36. 8 6.1
%24 H. after Irrad. 111 1 0 35 4 0.9 0 31.5 3.6
Cortic. Adm. 110 0 4] 1 3 4] 0 0.9 2.7
2.84 GY + Cortic. Adm. 108 o} 4] 26 11 4] 0 24. 1 10. 2
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EXP. CONDITION NO. OF CASES INCIDENCE(%}

MALE
CONTROL 1/110 0.9
cA 0/50 0
2.84 GY 26/109 23.9
CA+2.84 GY 11/49 22.4
2.84 GY+CA 19/51 37.3
FEMALE
CONTROL 2/49 4.1
CA 2/52 3.8
2.84 GY 6/50 12.0
CA+2.84 GY 8/50 16.0
2.84 GY+CA 13/50 26.0
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EXP., CONDITION NO. OF CASES INCIDENCE(%}

MALE
CONTROL 1/110 0.9
SO 0/53 0
2.84 Gy 26/109 23.9
§0+2.84 Gy 15/49 30.6
2.84 Gy+50 16751 31.3
FEMALE
CONTROL 2/49 4.1
2.84 Gy 6/50 12.0
50+2.84 Gy 7/46 15.2
2.84 Gy+So 10/47 21.3
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Cell Kinetic Studies on Radiation Induced Leukemogenesis

Isamu Nakao, Gen Suzuki, Yasufumi Imai, Yoshiko Kawase, Masako Nose,
Kunitake Hirashima* and Masami Bessho*
Division of Radiation Health, *Division of Radiation Health Former Staffs

In order to elucidate the radiation induced
leukemogenesis, the clonal origin of radiation in-
duced thymic lymphoma was studied in mice
with cellular mosaicism for phosphoglycerate
kinase. Repeated whole—body X irradiations
resulted in development of thymic lymphomas
in the mosaic mice. Phosphoglycerate kinase
from all lymphomas gave only a single spot on
electrophoresis. The results demonstrate the
single cell origin of the thymic lymphoma.

We have demonstrated that both incidence
of radiation induced myeloid leukemia and of
radiation induced thymic lymphoma in RFM
mice increase in dose dependent fashion.
Moreover, a mean latent period of mice suf-
fered from myeloid leukemia and thymic lym-
phoma after irradiation became shorter in
groups received higher doses of radiation. It
is known that the onset times for high dose
leukemia cases in young generation are
significantly earlier than that for low dose
leukemia cases in A—bomb survivors. These
results relating to the effect of radiation dose on
latent period of myeloid leukemia and thymic
lymphoma in RFM mice apparently support
above view.

1. #
HRE R OB MR LR 2 FH% L 0

i

It is suspected that radiation induced
leukemogenesis is not a simple event, i.e. activa-
tion or disregulation of a critical gene, but
rather is mixed events. Irradiation may alter
multiple gene function in the progenitor cells of
leukemic cells or it may alter the function of
stroma cells that is important for natural
hemopoiesis. Moreover, irradiation impairs
immune system at the same time, which may
result in escape of preleukemic cells from im-
mune surveillance mechanism. So, 3 Gy ir-
radiated RFM mice were injected with human
recombinant IL—2 (hrIL—2). Upon ad-
ministration of hrIL.—2, mean survival period of
thymoma bearing mice became shorter than
those of control mice.  Although, hrIL—2 fail-
ed to increase an overall incidence of
thymoma. Therefore, it is suggested that
hrIL —2 shortens the promotion step of
thymoma. On the other hand, administration
of hrIL—2 failed to alter the incidence of
myeloid leukemia or the mean survival period
of mice bearing myeloid leukemia, indicating
that our protocol of IL—2 administration was
not good enough to alter the myeloid leukemo-
genesis.
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Cytogenetical Studies on the Mechanism of
Radiation Induced Neoplasms

Isamu Hayata, Yayoi Ichikawa, Masako Minamihisamatsu
and Takaaki Ishihara
Division of Radiation Hazards

More than 90% of the radiation induced
myeloid leukemias had a consistent chromoso-
mal aberration of the partially deleted No.2
(2q—) in mice (our previous report). In
order to know the role of this specific chromoso-
mal aberration in the genesis of tumors, a series
of cytogenetical studies were made as follows :
a. Identifying the time when the appearance of
2q— could be detected during the genesis of
myeloid leukemias in the irradiated mice ; b.
Malignancy test of the bone marrow cells with
2q— found before the symptoms of leukemia
developed in the irradiated mice ; c.
Cytogenetical study of the hematopoietic tissues
in mice irradiated by different conditions ; d.
Analysis of the oncogenes mapped on No.2
chromosome in normal and leukemic mice ; e.
Cytogenetical study of a new myeloproliferative
neoplasia, L—8313 ; and f. Karyotype analyses
of various tumors.

Follwing results were obtained by those
studies respectively : a. The cells with 2q—
could be detected prior to the development of
the symptoms of myeloid leukemia in the ir-
radiated mice ; b. The emergence of 2q— was
not sufficient to cause malignancy ; c. When the
mice were irradiated in the conditions favorable
to induce myeloid leukemia (3 Gy, accute whole
body irradiation), they had more cells with No.2
chromosome aberration than those irradiated by
4 x 1.7 Gy (conditions favorable to induce lym-

phoid leukemias) ; d. Rearrangement of the
DNA segments coding oncogenes such as
c—abl and c—src was not detected ; e. In the
L —8313 injected host mice dominantly dividing
cells in the leukemic spleen were normal host
cells introducing a case where the karyotype of
a malignant cell could not be prepared by the
conventional method of chromosome analysis ;
and f. Various chromosomal rearrangements,
specific and non—specific to the tumors, were
observed.

The process of the genesis of radiation induc-
ed mouse myeloid leukemias in terms of the
development of 2q— is thought to consist of the
folloing steps. The 2q— is produced by the
ionizing radiation in a cell (the chromosomal
rearrangement stage). The cell with 2q— pro-
liferates and forms a clone in the hematopoietic
tissues damaged by radiation (the preleukemic
stage). Secondary change occurs in a cell of
the clone, and the cell becomes malignant (the
malignant transfromation stage). The leuke-
mic cell proliferates and the symptoms of leuke-
mias appear (the leukemic stage). It is sug-
gested that some degree of the radiation injury
in the hematopoietic tissue is a prerequisite to
the proliferation of the cell with 2q—.

Therefore, the radiation dose that is limited
to 2q— production alone in a cell is not suffi-
cient to induce myeloid leukemias in mice.
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1%, 2%, 6%&. 15%. 16%. BLUOYHREHR
CEEREYRHOBBL R LL, ZORE 2H L
BHEAMROIDE IR VEBIZ L5 RET
Bot, ThbHOMEED DNA %@ Uik R,
v—abl # 7w —7¢ LK, EcoR I T4XK,
Bgl IT2AK, Hind I C24A&, v—src® 7= —
TE LK., EcoR I T24A, Bgl ITI1X&K,
Hind MT3&KD A~ v VA, \Fhod v 7 ah
AR CMBERRE I, SV FOEEIDOW
TEERPMEC L Y HERE TH -, MEoD
R 29— BREORBHS HEHME QMR 0%
BobrERTERVGEG S Pl v PRk
BEFE LI,

e. BERREEGOBMROMESIITERLE
4R T, RIORINBBR5MES1EREIE
HERE LR L, 4MIBILE « OREEEE Y D
BEBRAR LI, £, 25T XY §if8
BORERHE R, Lo AP, BHRRIhH%C
MR TREHCRBHE LS5 FEALEH L0
CHEE L AMRRERSED Bhicic bbb
TYQREMELEHOBHE I WM RS bhit
Mote, MREBOBBEFT T L CW-5/ifaD
HREEBR LB L EREYER 6 TR, Fh
BB e SR A IR ~ v 2 D5 R
BEEXHATHE Z EBPLITIE -, BOEE
B LRAMGER OB X 5 7 1 L ARERRT
RIMBEAOBEE < v A0t HMR % RiE L@
HILED - o, FEMTFELS B ET) L:
COEEOEBROBI L S LIER, 1 5.
3%, 4AF. RELEFCBEREIBDLR,
MREAERIIX 1ETH -, - OBEITER
B OB ERAEIRIVTROL DB
M LIcbDTHoTz, 7o, invivo 3L in
vitro THRFOBEEIX, FR~ 7 ACEHETS
EuTFhbAFEOAMFERYRRE®HLOT
Hote, Fio, AELS (Leukemia Res., 1987)
DY L - OEBEMRITHERTH M v &5 —
rA v MM EETI EPAHLIR -
12 - T, REECR VTR, EFEOEImRA
Fan BB L v B S CERC S REIE L
HIRERYRZBET2H L VCEETH Y., £ok
DI, BEOREMEENE CIIEERRA K OK
RRBHETE7 2 EAB LRI - T,




f. e P RIVERBHOBECHE T EHE
IR XU R BHREE L OX T — 2 £
L7z

b FEWT, BEDORBEKTSRERE YL
RN FFOBE VBT OB EHEE 4 RAET
AHPEBEIN T3, FixiE, ERCELIF
PEEORMD qlil 53V FEME2RE L

x4 L -BBREEEEOKRB SRR

EEH
40,
AR

XY 11

40,
40,
40,
40,
40,
40,
40,
40,
40,
40,
40,
40,

XY, del 2, inv 5, £ (123;19) 3
XY, t(1:;18),t(6;312) 1
XY, t(2;3;5;11) 1
XY, t(5;10) 1
XY, t (5310), del 6 1
XY, t(6;189) 1
XY, del 6, t (153 Y) 1
XY, t(8;11) 1
XY, inv 10 1
XY, del 12 1
XY, t(12;Y) 1
XY, del 18 1

P
1=

*

it

5

2 SH#ife

L —8313:i& MmARRafERE & FAE L7~ 7 A
DRI % A8 S WBERE & FE5E L7 5 D
e~ v A D& MM O S A OB ST

BR

8 o BRE
L 2] 40, XX £250
). 40, XX £250
PRt 40, XX 108

39, X, -Y,t(1;16:;19) 2

%6 L —833BEMNA~ v A DEERMRFS

ZUHARE D QLA RE R

" € W™ K 8 148 2/KH 3#KH 44KH 4#KH
" x 0 & 4 ] [\ ] 1 L] -4
PR | XX 99 50 1 100
ATMED  |XY| 25 199 S0
Hgut k@R |X 1

BEIMEFMREYRIET5 (Vogel, Human
Genet., 1979) , F7=, RFRCEIIFLAEMAEE
DAY FpI3REREXFOBREZIENEY LD
o - BHEE R RIET 5 E M hH 5 (Franche 5,
Cytogenet. Cell Genet., 1979) , “h b DJEFIT
R RAELRREE T 5 - s FEa s
RAEBWTILERERT S L X BB, R
BEnsb0eEX bR T5, HEBEER~<Y
ABHEMR IR D 29— BE X bl KEBREEE»
Lo EBEMRERBEIC AT B TH B LHVR
Wahb, 2q— BEYEONT CREEMEE
WBE XA, BRI 29— #Foz ek
D EEMECELLLEL Ky, AILHOMFINER
Lo TRLRBL LI ZiefIdCEBMENE
HahshDsBbhb,
BEORABAREYE - IS EARC S
WTEBL LBV EVIHEER, BIVEBEDES
CHEOROARENHETS LV BEKYEM
T 5 L CHEHEHRECHRE)N DS, Fransis b
(Leukemia Res., 1984) (3, & r BRI 2
ERTEE LHMLIEHER T, DNA SOk
HHRAMCLEL Ehs ADP ) R A EEBEER
DOEER ML 5 Pk Sl kb %
R L, Hiftos{bickirs DNA o Ui EEA
NEEDZDEND D EBRNT 5, & OYMEE
12 DNA OBRFI*BHRTHLDLEEL BN T
W5, SMbEZET 2BETFOESEERLREE
TRE Lo il st R I s C Lix
+HeEL RS, ¥, ThFhofKRci,
Tz oo F i XE T 54586 DEEG
FABEET B0, FOBEEOREFECR T
VEEREeoBR I cBEAT IREARRE N KSES
Bt FHEEINE, HE, Azumi &
Sachs (Proc. Natl. Acad. Sci., U.S.A., 1977) ©
I 2¢— BRE® o~ v A BB R
EARER - BRRFEVE CHBLTIRIE L
WA, B2 BREMHSEE B M mE AR
K LA T2 %R, 2q— DREZHIZ
FHMROS b2 XE T 5 BEFOELD S &k
RT\ B, Tt xR0z S BB E
MRFREBHFE CREINCFAMKB~ v 2D
BFHC AL REERECRSCTHE 2B EH%
CERbEHEE CTRENED LR TS, #- T,
BE A Lh 5 HROREARE RO S
wir> DNA O BESISE EE B EM %
DZENTRBEIND,



5. % @

HHRBR ~ v 2 BH B S o RERE L
TOXSIHEEHTHD EHEIND, BEHRR
Bahic X viEmMRFC 29q— BREYRoMEs
FEINh (REGEEURH . KHEREEYZ
e MEBFCHEEL 7 v — v 2R T 5 G
BIERD ., =02 v — vihofanEEY 2T
e c 2 kP BEb L., EENEEEYER
LicAfm#iasEE+ % (AWRREDR . A
MFEMREL 2, QIRAIET S (BRI
), #- T, BEHBRBER~ v A FHEA IR
Btk RTH, FOFRERIE M
M 2q— BEXHRTEEHBECHITH B (B
HEL) LEMcER ST LTERy,

(FrERRK]
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Molecular Biological Study on Genetic
Stability of the Genome

Tada—-aki Hori, Ei-ichi Takahashi, Hideo Tsuji and Satsuki Tsuji
Division of Genetics

It has been suggested that fragile sites may
act primarily or secondarily in the human
genome as predisposing factors for chromoso-
mal instability and may be associated with a va-
riety of clinical manifestations including
cancers.

We have conducted a population cytogenetic
study of 1022 healthy subjects and 547 cancer
patients to determine baseline frequencies of
autosomal rare fragile sites. Out of 17 rare
autosomal fragioe sites defined in HGM9
(1985), the following six were detected ; fra(2)
(ql1), fra(10) (g25), fra(11) (q13), fra(11l)
(q23), fra(16) (g22) and fra(17) (p12). In ad-
dition, we found three new fragile sites ; fra(8)
(q24.1), fra(11) (p15.1) and fra(16) (p12.1).
They are all distamycin A —inducible and locat-
ed at the junctions of G/R—bands. The overa-
1l incidences in healthy subjects and cancer pa-
tients appear to be the same, being about 5%.
Howerver, analysis of these fragile sites and par-
ticular diseases suggests that the distamycin

1. #

et r A DBRBEHIREEHRE R O
RHEERC L - TR S h TV 5, LAsL, Z
DEFRBIL T LIRE T L, B2 OAB
AR PV ABERI X - TEA, BEFERIZ
FEFELVSLOER - BHRENEE L, Mot

A —inducible fragile sites may play a role in
the etiology of leukemia, myeloproliferative di-
sorders as well as gynecological tumors.

In the present study, we have also examined
mechanism of fragile X expression associated
with fragile X syndrome in thymidine —prototr-
ophic and auxotrophic human—mouse somatic
cell hybrids. In these hybrid cells, both low
and high thymidylate stress was found to be ef-
fective in inducing fragile X expression, even in
a hybrid clone which retained a fragile X chr-
omosome as the only human chromosome. An
addition of deoxycytidine completely abolished
the effect of high thymidylate stress achieved
by excess amounts of thymidine. From these
results, we concluded that the expression is an
intrinsic property of the fragile site itself and
speculated that fragile X mutation arise from
chromosomal change in a special class of replic-
ons with polypurine/polypyrimidine DNA seque-
nce.

B5CLEEHEBORERE > T\ 5, B,
e btk b oBEN fragile site (E55ER6L ,FS
LBET) e b - ¥ AOEEHERMELS
hot—spot & LCTHEHXh W5, #iEH FS &
3. DNA RREBEMIMET LSt T TREAER
TE LR TUVWEREORAEKIFR T, CoRAME
A v FAMHEEENEETEY T 5,



Xk b osgEzmE FS, fra(X) (q27.3) 3k
59 XfERBE (fragile X syndrome) &8EFhClo
LB BENER L BECBEEL
T EBHBRT D, BHHREMSE LOBEHE FS
CoWTi3, BED FS HNEEDOER &I LT
WABNLERMO T, B, R,
BEMEE. . E09H 5 IBERNReKE
Wie Lo~ DBRCREGBREYZZ LICES
Fr0 REIA TV, 1, HILER
BirBEIh? /) v5 v A pakRECES
MR A LN 2 ROBPOEREOYIR R0 %L
PEREHE EDO FS JBc—KLT\5, 2hb
AR S BIEME FS 23 « DEFREEOE
BHIRRTH BAEEES TR I h TV 5,

AT RIC X A RIA L ERERER
W BE3 B EMNBIE L LT, BRBEDOBREHE
RD120FRLEZE2 L HBEHEFSEA L
T, BAAEH (—BBEARBIEESE) i
75 EEM FS RREORE L FS ORBE#ED
BN & 1T - 1o

2. MRAE

a. BARAERC BT 5EEH FS oRE

1) FAERG  —BEEAONRERIHM
# (1022A ; % : 377. B : 645) T, FHELALI2
¥, BIFTh oo, BMBBEAOCHRE XA MK
FIOEBEBEEZEDOLE(39A ; £97. 8142 ;
SEHES4TY) LEMERER L O ofio BEE
BERBEEDOCHE (308A; 168, HB140; £
EA50F) T T,

2) FAEFY  BEH FS oK
Yy vRRE AT, HGM8S (EEEe rEETFi
RIEREZ) THDODLITWB5H (F1R—%
MR, BE2BE—T + A& ~A v v AFEM,
5 3B — BrdU Zxk#h) it -> CROBEESNE
TCT2RFEHSE L C 3O FS #RE L, @)FE
MRS FS— EBMRIVF I v Vv RED
Ham’s F10 + 51 v & (M—F10)+ 5 %4 E
1MmEF (FCS)+2%PHA . b)F s Az =<4 v /A
FEH FS ¥ X 08(c) BrdU E}#: FS—RPMI-
1640 2 5 4 7 & +10%FCS+2%PHA , bk
IO EBT DT T 4 AE =L v v
(50pxg/ml) 35 X0f BrdU (7pg/ml) % #ifaREE
WAL 24RF R DO NI 5 1T - 1o, BAFRIT DT
1)k L 0c) & A4 RPMI1640 < 54 7 2% H
Wi, COz £ v¥ 2—2%— (5%, 37C) T2
FRrRlogE®Z, 2res v AHE, KREAR

(0.075M KCI), E%E (=% / — 1  BEffp=3 :
1), BREROFIECTEALZFR L, FovY
R CHRE L, BEMREIAREA, FABER
oW TH B, R—Fefutkom—E6
isochromatid gaps or breaks, fragments is X ¢
triradial 23 MfaH 7= b 4 KU LBE I I-BE.
FS L@ tc, TOHMARBEEYB 0D,
100fifa% 8B L, FS OfEILG—, Q— »
ZVIER- AV FEBRINfTo, Bz, BRHE
It FS 2T, MR BER LA
BHEROBHFE R VI, @E2vTik, 1)
RPMI1640 +fouorodeoxyuridine (FUdR, 6 x
10-3M, T72K#fEIAE), i) M-—-F10+thymidi-
ne (5X10-5M, 72BRRMEE) 6 D>Thk, i)
Hoechst 33258 (ug/ml) , ii) berenil (150
pg/ml) | iii) 4’6—diamidi—2—phenylindole
(DAPI, 25pg/ml) %7 4 22 =<4 v v AR
D IC IR 24 R % 17 - T,
b. &EM FS OFRBEE O

1) EBMHE: e bIlEE UCIERXERS
D BHEREBEOBMETMAiRH (RS4729) &
) v AIEERMR R (RGMGLAS) X0 E# %
IMiE (PV) BEORMMY v ~EHREH 1, <
v AREEMBE LTz, = v A FM3A fifg L v
SEINIcTF I OABERBRRXBERKE FS-
thy21, HPRT-, APRT-) £ DNA RV » 5 — %
AR ERS MR (tsFT20, HPRT-) $ X U~
v ADO LML FM3A #ifao TK-, APRT- &
Eika BT,

2) KBAYL  MHXERFELFECBEEL
TWA X Rk EoERERZHE FS, fra ® (q-
27.3) . ORBBELHEMCHENT T 5D,
RS4729 o e + #ifa & FSthy21 3 X O tsFT20
D=y AL OfMAgEY R =F L v 7Y
2 — 2 (MW4000, 50%V /W) i X % #ifea&
ETER L. T, BAAERT CTHREARECE
HInd57 4 22 ~<14 v AFEE FS, fra(17)
(pl2), ORBEERES fra(17) (p12) O+ e
hThHhs PV EEHRRORMMY v KL~
AL#MED TK-, APRT- ZE¥Kk L DAY
AP U CRRRT Lic,

3. & R

a. HAA&ERIc 173 58 EH FS ok

BARANERCBT B Y, o0EERYEEH
FS #iRBre a4 % B L. BEH FS e
GERT I HREBEC Y OBRERENERE L



TH-> T2 2RFETA LD, —BEEA
1022 A L IBRESATA TR FS BEX T - 72
RBE CHRE S h o E R EadEmMg FS ofiE L
FORAEZEE R 1 wRT, h ¥ CREBRZ
# FS o fra(2) (ql1), fra(11) (q13), fra(11)

0 7 o
N
5

s000000000800 A Frozan
<q325588°23882800

16 17 18
i

K1 BAALHCHEIRIERESE
site
@, —BEEA (1,022A)

O, AamKEEE (239A)
0. EHMESEE (308A)

fragile

(923) . F 4 A&=4 v AFEEMH FS © fra-
(16) (q22), fra(17) (p12) & #H L\ 3EHED FS,
fra(8) (q24.1), fra(11) (p15.1) & X O fra(16)
(p12.1) . #L T, BrdU ZEXx#: FS o fra(10)
(g25) . T3 IEHD FS REELHEH L1,
—IREBEE AR 5| EH FS fEE 0248
TeREE52/1022 (5.1%) T, BHAASBHH T
BREEOE W FS i1 fra(16) (q22) (12/845,
1.4%) & fra(17) (p16) (26/845, 3.1%) THh »
72o

BREHCHRE IR FS B3XTF s Ax=
1 VABEWFS Thote, T4 AZAL TV
AFELH FS O & hRAR 13— IR AR T4/
845 (5.2%). HILKRBERET12/239 (5.0%).
LT, EWEmEERETIT/308 (5.5%) THY.
EHECEEREEOERIRD ORI o, L
L, BEZFERCHEE INEx OBEME FS
FRBINCRFE L CAS RO X 5 I BRH DM
RRgoihr,

1) %9, LECRAMRERERCBTS

BEMgmiE (PV) BFBHT T, fra(l?)
(p12) DEEMN2Z2E LBEIEFHETH >, T
CEBERTHAHEHMEWMBE (MDS) L&
¥TH10.9% &L/ h,. —EFATD fra(17)
(p12) DHFHE (B.1%) LHETHELEFEE
(X2=9.2, d.f.=1, P<0.01) , L% PV 14
EAEREETHH., chb0EHRLE FS Lo
BETRBLTWAEEELLRS,

(2) CHETIX, MiEHET15.8% (3/19), @&
AR RUEERBR (FEWE. DEEEL L) Tl12.1
% (4/33) »"HENEEETH -1,

(3) PVIEFlAZLRI fra(17) (p12) Dk
= H{EZE 181D PV fEFFIZ 3 AD fra(17)
(p12) DEBEENRZON D, ZD5HD 1 itk
RO+ EFETH -, —BERKTBHZO
FS oFEE»L, cE=nBhsBERIIIFITL/
2500 THBEL, BOTRIEBEE VX5, %
AEOHER., ZORKLBELAEE. FEE,
MEE X ERKTHCHLPLBERFERTHS
= EDVHBH LT,

@) TEEERZCAOAL-BEERRE ¥
EXEBEBAD S b— A fra(16) (q22) &
fra(17) (p12) DEHEEFEEE L A Oh -1z, Fl
BB O—BERMC ST BHENS, 2D L5k
LODHENBFERITL /2200 HEEI B DT,
ZOF L ERKERLERME VB,

(6) Inv(16) (p13q22) % oBEEHEIREAM
REEBCALRT fra(16) (q22): BHEREA
MR O EE AR Uil LiE16F a4k oM inv-
(16) (p13q22) HBEI NS, AREDOLHE
WTh 3BDEFAEGER T dd, FDIBO
1 B2 fra(16) (q22) REETH >, FS WAL
A O P A (16922) iw—FK LT\t 254
EnboEOHELY AR5 & AIELE8FF18
Bl (64.3%) & fra(16) (q22) OEEE K &
nicz itk b,

6 t(7; 11)(pl5—pl3 ; pl5) % ¥~
ANLL @ 2 flic & b i i35 L\ BEgeRaz fra(11)
(p15) : ANLL-M4 o EM BRI 7T H 11
BLREADEEIFEIN T3, AFRESGE
DLBEOPRAREN2HE TR T, T
EFc BT, ERPOIEFHRC I TIRE
DOYEr A (11pl15) w—F L# fra(11) (pl5) »5
BHIhi,

b. &M FS OB o i
BEmOEZM: FS O K#4S (17/26) 1251 8
DEMBZHE FS B T5, EBRIHETFS 0%



BREHFRTNTF I DLBERER (thymidy-
late synthase, TS) OEE LY #I 2 CHRRA O
dTTP 7 — A H{ET X B LM, VP D F
vV RMVADEEEEL-TWE (K2), HER
B FS ofRFEH & LT fraX) (q27) D RE
#M 3R, RSB EER LM 5 IS X EER
HokoEMRsy FUIR TME L T TS »fHE
L. F3IVv - ARMVARLELDTH 5,

TdR

—————————

UTP ———+ UDP Y duTP
b 1

dUDP \ FUdR [
. 1 duMP dTMP—s—» dTTP

dcop §

. )
5,10~

CTP —+CDP doMp” gl Trpp DHF

dCTP \ 5% mMrx

§-CH;-THF —STHF*~ AP

1: CTP AMBAE, 2: VERI VAT FETER, 3:
dUTPase, 4 : dCMP 77 1 3+ —+¥, 5 : F I UL BENE
F, b6 FeERRTER, T FIivvEr—4H, o
74—y 7HRE, & AEHSE, FUAR: 7AtweFtx
7yoy, MIX: 2V bvde—t, AP: 73/ 757) v

K2 dTTP & dCTP D4 ERUER

3

f; Nt £
i< ¥

b z@\ .

\\ \
Vs .
\ i {( 5

s q213

fra(X}q213)

t— —1 oo

Fﬁ;p N "

X chromosome

X3 fragile XIEERFFZHBEHKAR TO
fra (X) (q27.3) DRH

~ v A (FM3A) b5 2 hic TS KiB
FREK (thy2l) ¥ 1 o vERETF I v VEl
BOEMF I BT L DNA o~ HEEYINIC & %
BETDEYE LT, Wb b F I VHIMRSE (thy-
mineless death) ## = 3, = O EHETI¥ T+
U VAR DNA 5% LT r 7Y
a YECERACEZ Y, FS oFBELU L
R ZEfEF + » 7B 5\ % double minutes ¥
DREMEMH 2E T B,
() ebr—=vREHMAH#RECTO fra(X)
(927.3) DEH,

=v A TS REMBEOMELFE L TXLE
th EDOERRSZM FS, fra(X) (q27.3) DRBE
BEER L, 3 v - AV ADOHERREEC
BETTABEE L LT, =7 & TS KB L
fragile X fufath% b >BHBEBEROMA A E
&L THEMREEZED. v REEORSB%E
thiz v + fragileX R k% RET 2 ME M 7
v — oL, . fraX)(q27.3) »e
Py AMBEMRTRBETAENEREL
feo MRBEEOWICHBEINIHE 7 = — v i
v bkl oe b TS 2w EET B0 F ¢
CVHBEBREETH ST, FOL S5 v —viTD
WT FUdR(1x10-"M) MEH L TF 3 v - A
PV REMNT B L fra(X) (q27.3) OREFEDR
Shic, TOZLE, TVAY ) ADOFEIX
fra(X) (q27.3) ORBAXMFE Lic- L2 &R T
b, FEHEI/I n—vEIBEF ICVEETT
MARBEE LT L REEROEDEIT 56, &
BRIz fragile XEEEIEFELERSF 10V
EREARTHEMRE (TS BEFrboe PG
BHEIBELTV2) s — v SEE L, H#E
fifao TS BEHYBRKKBPHCHT, 712
vIEERMERRIT e kO TS BELYRL T
B0, FIPVvEREETIIE M, v v AWTH
DIEH LR IR L v LD, T, T
hoDOHER 7 » — v 2 58T 5B TESR
e bpEfEre —vRzaAaRFIALT, &b
TS BEFTHRIBBELRERCEML LTSI LY
HE LTz,
ARMBRHE T fra(X) (q27.3) ORBFE
YRLERT, BIFRAOGYEANLF I o v
BERMOMHE 7 v — v (TFX542) i FUdR(
10-"M) MBI L B5F I v - R VAKHETT
FS oRBR AL, D7 r—vhLHI18%K
BEENRBELCF IS vERE L MR
m —v (TFX543) Tit, il EREEDOS : v
v (TdR, 1x10~"M; ¥ 3 v v ERKIIEFHE
1IX105M o+ 3 o v ERT3) FLET ©8
BTHZ itk -T, fra(X) (q27.3) DBREWN
RER L ORI, TOERK LY., fraX)
(q27.3) ORBMF 1 v - A b LALKBIEBRY
CHERIND Z EVEENORINI, REROMH
EHERACEERY X VEEMCITH LA A
5,

(2) Fragile X Zetafk | KO AL R L0
BB o YT

Fragile X fifg &~ A flifa> DNA £ Y »



#1

Cell Human Human Thymidine
X mouse chromosomes requirement
retained
RGMGL48  fra(X) all prototrophic
strain
M6-39-11 fra(X) fraX prototrophic
X only
tsFT20
TFX544 fra(X) fraX prototrophic
X_ 18, 1
thy 21 5,21
22
TFX543 fra(X) fraX auxotrophic
X 1, 5
thy™ 21 21,22

7 — HalR ERZHE Rk L OB E L (FR

L. 20OMRIZERIC e + Qefatk s LT fragile
XPBEDOLZPBEHEI NS HERR 7 = —
oML, 2D /smr—v (M6—39—
11) BREFERESZEME T, fragile XFEHL L
DNA RV 25 —Ea BEFLEML TS &
D 5 Fo,

BEJFERZMETH- iz, FS B3
%52 DNA RV 25 —EalEoBELTHLZ b
XTERMD Tz, L, D27 r— BT
3 FUIR MBI L5 F 3 v - AP VALKHETT
fra(X) (q27.3) OFREIBEINI, Z DHEEM
RoX$eEfkire P XEAEME DNA iz LA LR
<~UR - aHEDIR=FY - BV IBT
BRIhTwb, LichsT, Fiv - APLVA
X5 fra(X) (q27.3) oFERoOREER L FS
D DNA BEOBENERC L5 LERT S
ZENTED, FSoRBEETH2 v 278
HHEERILE LA ETXTCY Y ARRDBEFE
WTEBRLIBIELERLTWS,

(3) Fra(X)(q27.3) HH oMK SE
LBEEF I o UHR

MEE X fetatkr St I © vERMMEMIED

FlA i MasEEE BrdU #%& (53 v - 2+

BERIVCEF I v, AP VAFBRC LS fraX) (q27.3) ORBHEE

o o e e e e e e e = A 0 Y B 2 o o Bt e O o e

Deoxyribo-
nucleosides 5 58 L §7 ! fs 1 f3 2 f3
10 10 10 10 10

FudR K} 43 - - -
TdR 0 0 0 11 36
TdR+CdR - - - 0 0
CdR - - 0 0 0
FudR 7 11 - - -
TdR 0 0 8 16
TdR+CdR - - - 0 0
FudR 12 16 - - -
TdR 0 0 Q 17 26
TdR+CHR - - - 0 0
TdR 15 21 0 10 17
TdR+CdR - - -
CdR - - 0 0 0

VA L) TCHMEIS, WmkasEs gk
FEATHZ X b, fra(X) (q27.3) EHO
Ml AR Y BB e TE L 2 &
TH5H, EEE BrdU(2x10-6M—2x10-"M)
HBETT2~ 3 MFAHERE I etz
<. &HBaEE T FS REOHEY RS L &
A, BEAEDORBUIE L MRAMN. ThbbF
3 VHIERSGHT 1 8 DNA B85 - o fifac
BEIh, coERIT. X§ak o FS #HE
> DNA @H#» oGt fh ki b LT 3 v
BRI ERZHTHL I LA TE LTS, KRIC
fra(X) (q27.3) BBRIZXT 5 % 7 v+ F F R
OEEYRET 570, BEF I o voshRuyl
BXEEBARD Y v FERMAK & FiRO e r —
<y ARHRAME Y VTR, ElLiRT X
S, HMRRHCTHEBEF : © v (1~3mM)
M & - T FS BBEARIEIhi, Z08FF
v FS BRHIRRITFTAFvoFL v
(CdR) LEiz X » TEEKRFRCHEEI RS &
ERRINL, BEF v vAEK LB dTTP
T=ADFERITVAERZ AT VERTEESY 7
4= FA L, 7AELTHBEDO X 7 v+ FEEBD
THEFE L, Hic dCTP 7 — A ¥ {EF X ¢
Az EbEbhTWS (K2), TAFY >+



VORESRYERTLLBHF Pt ib
FS ZR 53K dCTP "FEREE 2 Hh 3,

) T4 AR&=A v ABEMFS ORB R

HAIR. BHEE S L OBEERRO BER S
WT, ThETREBREINLEEHE FS i
fra(8) (q24.1), fra(11) (p15.1), fra(16) (p12.1),
fra(16) (q22), fra(17) (p12) o 5 BET, THh
L F 4 RAE<A Vv ABEHD FS THotoe #
T, BERFERDO PV BB BB I AL
fra(17) (p12) tEFH LT, £0HBEERXSL L b
-y AMBAMECHEANL, o PV 2Eix
fra(17) (pl2) Ok EEEHETH - o, BREHRE
OFRMM THIRE (IL-2 EHkEE) ¢~y 2L
ka2 (TK-, APRT-) % X" FM3A #ifa (TK-,-
APRT™) ¢ ohiflafEsFR L. HAT ZEiR
B Te MTERAGRREIS L, OIS
BB T, FSRBELYFANLELEAT 4 Ax=
1 vV ARBI X - T fra(l7) (pl2) DR
RELEH IR, 20 FS 043 fra(X)
(q27.3) LRIk, ZOFBMN FS #HiKo DNA #
BEBERCHERE LTV 2 TEEEI S,

hbde b - =7 AEHMEY T 4 X £ =
A4 v v ADB\ ik Hoechst33258 7c & DE A —
THEERIFCEETAHWE CAET B L= T AYG:
BAEDOTXTCORTBREHRC s v ~F v DR
HRENBE I, COBRKITEEGRERL
T5m AT +57 54 F DNA c&ZBELTW5
LEZ2bhBA, FS BREEL LR ES
BUMBBE Ihith o7, Liehi-T, A—%
HTTREAIhD e FREHLED fra(17) (p12)
FEELEMeE AT RoELEFIEIRETH
3LEzbhBb, FSERIBELF 4 A%~
1YV AREMFRCESTALEEL LR T
%% 7 AE% (CGCGAAATTTCGCG) i #{l
LIBEORRERLEELZ LR D,

4. FF ®

a. BARAERZ KT 58&EEH: FS OBk

JEHEOA—RBRHEARTYAVTERO—BEEAL
BRECOWTEEY FS 0B+ EE ks
LBl AR RBRI TH D, AR H T3
B IBBEOFLEOMEERN FS 2U&HE I hich,
D5 6 BB T CREAE (FRThi=z—2
VA F) hLEMEIRTVB FS L E—FALTH
ot H—H VA4 FTHREIN T2 FS oflE
LEDBEE Y AT OHR & LEHRFAT 5 L kD
LI RERCERNFED BRI,

WEBRZMETFS: -2+ 50 7TOHFAER
£ k13 % HEIR0.14% (5/3458) TH .
HAEA (0.49%. 5/1022) & W35 & #HEm
AEERL (X2=2.7,4d1f=1), fra(2)(qll)
B LU fra(11) (ql3) ixHRKEC B L TR X
HTCWBEN, A=A SV 7OHEREME IO
BHEHSOBEH CHALIRHEIRD
fra(10) (q23) XAFECIBRB IR/, 57,

27 4 Az =4 v ApEME FS: BARTIE
fra(16) (q22) & fra(17) (p12) & A HEGHOEHRE
CEEINh (EhXhl.42%., 3.08%), *+—
A3V T7TOBEBHCET S fra(16) (q22) ik
1.63% (8/491) THXRDOHEHE L X S UITv 5,
—J7, FA4 Y oEEALRA% 5 L L berenil
X 0FFHEERB fra(l16) (q22) DFEEIX5.10%
(18/350) THAX v EEICE . ( X2=12.2,
d.f.=1,P<0.01) ,

(3) BrdU ER# FS: 1 2V 7TOBEHCE
1+ % fra(10) (q25) DFHEE0.55% (8 /1444)
THH, BRALH (0.29%) LELLTW5,
L, A=A 35 ) 7o5ERERACOHEE
(2.34%. 24/1026) X HEEEZHE (X2=14.8,-
d.f.=1, P<0.01) , ¥/, KRR\ THIE
ENERD IEEDOT 4 Ax~<4 vV ABEHED
FS, fra(8) (q24.1), fra(1l) (p15.1), fra(16)
(pl2.1) . ELOBRHEREHA A —R 5

fra(8)g24.1) fra(10Xg25.2)

R4 FEEEREZH fra(X) (@27.3) @), T4+ A%
<A v v AFEM fra(8) (q24.1) (b) B L ®
BrdU Zk#: fra(10) (g25.2) OFEBEAL



7 (491A) & V4> (350A) TOHEMBATH
HIh Tl Enb, ZhbiiBAAEH
BHEOERTH 5 AR,
BEREHOREL X v, FS REEZOLMERE
Bli—BEBEEARLAEERZIRE DN o
N, BENOER L X CESMR OO AEAT]
DEFER D HEEME FS nNEERECEENH
ZVIEHEBENCESE L TWBAEENTRE IR
72. (1) AMMoL fE flic 313 5 ¥ 2 G & &
fra(16) (q22) o—FK b, ANLL EFIC
VT AEREEYIN S & fra(11) (pl5) & D—FHDEM
11 FS DEEBHCHACBEE LT\ 5 a8k %
HMRBL U5, QL#DO MDS® PV, C
HoRAFREEECHIE L L OBBILRBRC
BT FS RAECBHESBRHE I, 208
& FS oL EROBE L OMIc 14 1 OXf
BEDHLNIEDT, FS Z0{ DR BEOREE
Tirie . REORE AFRmCERICE-TW3
TENRBEING, QERERCBEHINAT 4
AE~<A v AFEM FS I REEEREFH 2
Witk b s Y 4 AR EOBEEE BT LEES D
Rtk TH B, fra(8) (q24.1) ST
c—myc, c—myc amplicon, -3X—F 5 F - U v 2
BEogakiksa, HPV-18 A D B ik
HTLV—1 ofEA - REWEIsED, fra(l7)
(pl12) AR c—myc L RABOMIEL & >
TP53 BEZ T4, fra(16) (q22) @iz MT &
EZFEH, £ LT, fra(1l) (pl5.1) iz
c—Ha—ras . H5\ 2 HSV A - R/
EAMIEL TR, FS EoMEFERAGREYSF L
LNTHRETAZLLSHOBELER L Bbh 5,
b. BEH FS oI O miF

a5 XERB BB BIE LT 5 e b XHvfA
B EOZERRRZH FS, fra(X) (q27.3) DRELHE
Hhet =y AGHRMEEOERRACENTLL
R, FS © DNA #BE 0B GHER LD DA
FS BEOWREERTHD, vV A - ¥/ 20K
EHHie MEGEE EOBEGTEYE FS &
B8 hr 52 It EDBLME ot E 1o,
ZOgEAEEE O DNA HE8ME ATTP &K
dCTP EEZHTH D Z &R ENT, L
NoT, BHXREHED FS HiiE dTTP &
K ACTP i & b ERSHD. 5. 57V v/
mEY I VIBREFIAEE L EELRETHAS
5 LHERAIZNS,

B, DNA #E%#EH L7\ %5 RFLPs
i X o EEX$fadko Xq27—28 ERER

IR 4 wR$ X 51, recombination hot—spot
THDHIEIRINI, o, BHEXEBRERSR
TR EEE~ - — Lo EETRB L % B2
SRCFERE, THVBEHECHBLAXEUBE
FREVFETHZ L, T LT, £DORBEMN FS
KREF R L ERRER & BIE LT\ 5 2 LA
IhTvs, FEODERRERRK LEENEEN
¥EBTH L. BRXERFRIFREZTHARL
BRI CAEH, $H 5V IERELEORE
BrAn< 7 e RBRICGER LTV 5N
Exbhb,

5. ¥ W

HAALR (—BEEARSIVEBES) kit
538G FS oL L0 HEYHET D 2 &8
T&Xle, 207 FS REZOHEE X5 % T,
0AC 1 ADEECREBHERIMEL TV BT &
with, CORBERERIEEOPFIMNLE TIT
<. HAHED FS 2ERICEEN - g
LELTVHBEHNREETH 5AREEATE SN
oo ¥, FS oRBEEORFT»L. BEH
FS IEFR &M _EOFE D SRR TFHE 2 FHiR
CHEL= 7 r R RAEZVSALDORRERTHD
ERRBE IR,

BEFID FS B L OFKFE CHRHE I FS iz
LAERGA VY (FarBYll, HEERE
FALBERETE) LRV F (F A FHRYLER,
AARRA, SN ARETE) LOBRTA
BLTw3 (H4), oA DNA #8lo
43 v 7L LIBETFRREOASICIEELT
VWHEBRABEFEBRLELONR D, T, 20K
BB ETERL, Mk Eas 4% (SCE) |
BDEGIIHAREY s LARHER T VAR Y v
HEFIOBA - REREOERMCEA CHEHE
T, £FEMRED A5\ IR OB RIC X A EEE
B - BENSE BEONECES LTS TTHE
HLELDOIhD, ZOERD 1 Oh#EEE FS ~
DRRBERTHHEEZLND, ZDX 5 LA
0 FS ko DNA #& %52 Lk, A
B - AN VARIEET B VDY 7 AHEED
fZEA LRGHER B & OERICEEE T 5 8E
MERMOBBCEERENLVEEL B DL
Bbh s,
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Protein Factors Regulating Proliferation and Differentiation
of Normal and Neoplastic Cells

Mikio Shikita, Kazuko Tsuneoka and Hiroshi Ishihara
Division of Pharmaceutical Science

Human macrophage growth factor
(M—CSF) and mouse granulocyte-macrophage
growth factor (GM —CSF) were purified to
homogeneity, and the amino acid composition
and the N-terminal amino acid sequence of
these protein factors were determined.

With the use of these purified preparations,
enhancing effect of the hematopoietic factors on
the proliferation and functions of normal mouse
myeloid cells and radiation —induced mouse
leukemic cells were demonstrated.

1. #% 5

EE LB RROMMEY HHT 2 E .
FARERT LV BATCTHRF IS, HEOME
B OABRMCHEYEI 0L, B4
M B LR R T L0050, B
BHICIIAEY T F P LIIECAELSETH
- T, B MR EcFET2HENTZA
HREDEETL > TERTS LV HEAERALS
ZzTh, fERERTFIRLCAECEALEVYD
HEITHD L2 B,

MRS L IR &3 L CET B %,
Ew < DR THECREC S LrET L, HMEOE
B b 5ER T 5,

i, B x OffaRERT b il REA
FEREO—REENBBETFLENFIEC LT
BEINT, WIhLHABET (Fvavy)
Epri#Es bodmtrisr s o LadEBIh T
%o NAMTMIERRRFERERLRE -
TWb EBbhb,

b A mREdie o RAe b BIEHE O g

In addition, mouse fibrosarcoma cells were
cloned and a line of cells secreting both
M —CSF and neutrophil growth factor
(G—CSF) were obtained. A number of
subclones were isolated which displayed
heterogeneity with regard to their ability of
secreting the above—mentioned two types of
CSFs, while equilibration of the cells was
developed so that all subclones became similar
after cultivation for some time.

RERATHILEXARNELT, =rS FROK
StAERa O B & T A iR RE T, &
it~ swn 7, —oHERTF (M—CSF) .
SGEHFPERHEBEAEAT (G—CSF) b0~
7 » =P HFFRICL S LB S 25 bEEE
SEHMmMBKATEREME (CFU-GM) niEEHEF
(GM—CSF) oMt % 1T - 71

2. MERFH*E
a. &% CSF BiloER

1) e R, e b RAPFDEAIESER 7
v—n UR kREIRCHBEER, 1 %7 v=E
=7 CHi Licts, B0RBREIEBALED, e b
M—CSF o#Ek & L,

2) e MEK BTR2BEOBTHEESRITR
(CAPD) #MRAMBBEEC L BB L. 80XHE
WAy, EXRLL e+ M—CSF ofFEHR
& L1,

3) BRI ER  ~ v ARKEAEMRR
(NFSa ¥) »#&REME 0% MEFEET T
BEEUCEREBEYRMEBCRBEL, 7o b %



folii<=v A G-CSF 0¥ E L, T, 7 v

F B MR (RSP—2-P3) #4& M5 ciE
BELTBLAEEBER EEY v A GM—-CSF
OREREE L. RUL ~ v MM (L-P3)
wEMESEL T~ 2 M—CSF BROBE &
L7,

b. #% CSF D55l L s

# CSF #HERHL, 12U DEAE 1w — X
EBRNIA A VTR In< 57 4, 27
> T 9w 2AG—-100/ EX B X A EB s =
VT T4, T a= kT sr—AREREWR
BK7wr=t 27357,k S EEEEOERAER
BRX-T, TEHLE ) HESRYEDH, &
BEEiEs7r~< b 57 (HPLC, %74k FPLC)
X o TREMEC: OER L, BREELY,
SDS EETFTTORYV77ILT I FEKKET
MELHER L, KM= F~vFfECId7 7
K7 3/ BERERTI % IRE LT,

c. i=wA  FREFMEOSEE

1) = v AE#fEl; C3H/He v~ v 2D K
BRE X DERIR Lo BREMIIE40. 3% EX £ 72120. 8
K AF NN~ XEFEMFICTEEEL, 1
BRERCA U Mg % By SRR T CTEHER

LT, ERFONMOIBEL L,

HREYE (2=r—) Ih=, RV FLT7ER
v P AGEIREES Y BB, v rev b Y
7 a=—PRIDTVAT - EDLD, N7 b F
VYV md Y vRE LRI ERET CEE L
THIREYRE L, ¥/, 20=—264L LT
TATFF-EREL, 2w =—-D5HE¥T -,

2) v FEHMRE; FHERNCI v E R
e bAEEOMaY BB IbE IR =
LRI X b RHIIEBR TS, EEE~ v A F
AR OBE L IZERBOFEC L bR L, 2
ARBEEE L,

d. %% CSF o4 4HNIEMA

6 HEoESRRSEOFEE LTk, BEE: =
Ry 7 (T AH2001) RV, < v ABEAC
b, BUDEHEHELLENSR Y 7TRICEBEL
BEELFVCABYRERE L, AlicfTo
KT, BEAKCL IR LESY L,

e. W=7 r7, —COFEKIL

<~V ABEBENOEE~ v 7 » — O EDH, —
EHH CSF EETTHEELLE, 3/ -1y
Biucing., 3RS = v HEE L 2
=787 ;= OHEETHA——FF T
Loz =B InTETLHRERL I X

VAT F T4 ¥~ (=Av i LBI505) T
RFICFESR U,
f. XEREHER

1) ~vADLERY; XERHEE (B8
- 5825001 8) #AV, 20mA, 200kVp T
BETHXHEY, 05mCu/1l.0mAl D7 4 1
Z2—%@L, HFBEXRL 1L T0.9~1.0Gy/min D%
T, =7 ATHEL VBE L1,

2) BERMAORE ; 75 AF . 7=} IUL
e FERo 2 & R Lic= v A BRIy RE
THLEDL, LEBERIUCEHETCOEES0I X
hRETAHXBE BT,

WIOhOBEL, XBOBEII A vibr—o
(7 Fa2v) #BWTEHAIL,

g. BAERBR~ v A AlFElilaoEE

H e 108 %~ v A CBIRES L, 2~
3EMEE. BBAERE L v AMFEMREAEIRT S 2
ECcHMFEMAY 2 8B, ZOMBEYER
6em®D >y — LT 107 FO AR, 10% ¥ < 1M1iE
41y McCoybA #2# 5ml TEE L,
M-CSF #&%m L CEEY T5BC o B
t R CSF # M A7 50084700 2 72,

h. =7 2HMHEMARD c—fms RHE
EEAMFRMARES L OREAMFAER» S, 7
7= vET 2 — Ak D RNA oy
1T7c -7, ¥ RNA % LiCl ¥t L. Li %3k
L, 70+ b LT1Y 7 Hr—R5L
BEXKE (10mM 2EE >+ v v 2 2% pH6.8)
THEELI, YLD RNA #51 r vE (K-
/¢ BNRG) iz Northern 7 = o, FETEE L,
BEXM TR T ot ZDF A r VIEREERICR
Vs 2P EELDNA Fr— T LU T L LT
NMTYVEL =Y g vEFFRoT, e T
*2BEBEYA A AHARDODERE&ETF
v—fims(JCRRB X v #t5) o—FMh 2 EHL
7z, v—ims EYOMEA LY 21 YiIZEYT 5
oD cDNA % pUC 1975 R 3 Fiofiih&, K
ERELLE =v 27 vALV—v g vERYE
H» d—32P—dCTP cH#BEE L1,

3. % &

a. {=zwg FRO(CARBEERET OB
1) EHe tRepo~2zr 7, — CHER
¥
= s w7 5 — O OB L RRE R E
ETAWENEE e F ORBCHEET S - &t
205E BRI B LR T Teds, BETH LD



%1

E¥e rtRIv=2r7m7, —oHERT M- CSF) O

M-CSF Recovery
(")
Units Units/mg
(x107%  (x 1073
833 18 100
950 45 114
489 80 59
264 1100 32
188 25000 23
135 45000 16
21 105000 2.5

Step Protein
(mg)
1. Tokusil/ammonium sulfate 46300
2. DEAE-Cellulofine AH 21100
3. DES2 6110
4. Phenyl-Sepharose CL-4B 240
5. Sephacryl S300 7.5
6. Superose-12 FPLC? 3.0
7. x-Bondapak C,;3 FPLC? 0.20
S
o-ooH
S.ﬁj
s
- .
S sj‘
s S3
o 4
e o
s 8
i I
rS °
[ ]
é ——eo——e—e——COOH
J

X1

b b M— CSF o—)kigEic s bh 5 5%
%

Bz ) vBRE, AARTA¥= vBE Siv AT
1 VvBRE, MiZc 54 = vBRE, BRABIBAKT 7
BBRENEBE LV HEEYRT, RARITOLY v
(FXBE)

BREATEhot, HAxZe PRI Y v
F— ¥R ERT L AROKREC., ToPEIKE
CEFNTVB Z ERIITIEICHE Li, Z DE,
RLWRLIEL S RFIRT, L 50ifilk+sz
EMT &S (Sakai et al., 1987)

Boa BERE U e A K HEONER - H444L
¥COT I/ BEREARFIIZ. Kawasaki 5 (1985)
e bEMRaEEY AV GREFIFHFEE oHE
L7 M—CSF oNFKWGEFI &, 1 7 BroMEE
Nr—F Lt Bar BB Lic~2r 7, -2
BRTFIL, 3SINDOT 3 /BEREN 7 =L T T =
VTR ) vThHot, ZOHEIL, ) vV
DabFvTHsH TCT F7203 TCC 25, 1EERE
BEINTTTT 27202 TTC iein »#o = & T
TEDH, ZOHEVPABOZEI LB D0,
LIEE & DEDN, THERZEH, Bihidbibicv,

Kawasaki 522 L7z b M—CSF o—%
BE LT, 2V vBREINEETHAEXERTS
L. RM1wERLEX 51, M—CSF iii866z0
TAF¥ = vREYRLETHERBHLATEET S Z
LaxfgcEs, LD DO LY v HEBEIZ136
DY vERELIWAHROMBICHLNEHELETDH
h, BB L M—CSF 03707 s /B
BEN 7 2=17F=vTid ) vy ThHot
ZER, B oMEETRRVEEbRhS, &
23, BReY) vRECEHE I 5% Bkr 72
DT, M1IR LI L5 B ienT
»5HH, Kawasaki 51t M—CSF o4 F N5t #r
BT E LTV,

EZAHD, BAEE LI M-CSF o7 3/
B LN ER, Kawasaki HOHE L



TPA30-1 Cell M-CSF

37 ' 149150
Glu—Phe GlIn Asp

447 448 522
Thr Gly——=V al

149 aa 298 aa

MIA-PaCa-2 Cell M—-CSF

37 149150 224
Glu—Pphe GInGly Val

149 aa 75 aa

Human Urine M—-CSF

a7 190
Glu=sSer 77

2 etbt=rw7,— oHBERTOCKEEEDLSEME,
TPA 30— 1 Cell M— CSF=Wong L2 #E LckEE
MIA—Pa Ca Cell M—CSF=Kawasaki &5 HEE L7okEdS
Human Urine M— CSF= X% CHE L,

EENOHELTELhE T I VBHRE, £
5L TCh—H, U otc, Lichi->T, NERHm
b, ML ETOT 3 BEFIASZE-BLTWS
b b bd, e B M—CSF o C KR
BTl o#E L., Kawasaki b2 #E L-fiEE
EEKESTHELDD L EZ XDBuBlhoT,

Kawasaki bz 2EER T, Wong B350
v FEMBEO cDNA 54759 —Xh M—
CSFcDNA D7 e —=v 7%ff-k, Wong b
DEr + M—CSF no#tE—kiE#&iz, Kawa-
saki HDOBL-HEEEDIMD 71 & 3 VBRI
LIS0RLD T AR5 F vEBEORIZ208BEOE X
L ONEREFIVBAIKCEETH - (K
2)e HAHB7- M—CSF 1z, Wong LDOH#EE
U BEE D 190600 T S TE L F T
BBEELZDE, T3 BREBROERAEY L <
H+5ENTER,

EEMa» bt Ih3 L ¥ Tt
v INBB DN, R THERT F iRk
IR ET O E LB,

2) 7y rEEMREFED<I/IRT7 > -2 -
HFHEREEART ;

B - B 555 %0 o M IR AE
FatkD 5B, RSP—2-P3 LEIh %A,
GM-—CSF #3W+sfilachrz L&, H~x
(L1980 I E LTz,

oAy 2mM EEE Y v A & lpg/ml
ORBEY ERIV ¥, 254 F (LPS) OFET
TiE#E TS5 E, GM—CSF 0FEANLBIZ- O
Miax R LB e 040 H LelmT 5 &
B 413 R R L1 (Tsuneoka & Shikita, 1985)
EBEMOMR L E 2~ ek B LR, FHss
L LEEMRR 0B/ Y 3~ 4 A Z L HEREi
LE2C, 17ADLEVEF L LRI L EE
T GM—-CSF #filgic I e sz &
TED IS5 -7,

ZDX5TLTH50Y » PO ERY S
B, B1EABREEO AT A ZIR= NS5 7 4
LEBEBRI <57 4 —HESEBI LT
X v GM—CSF %##i{b3 5%z L0 TET,

NEKSED7 I/ BBRELY2200E CRIETHZ &
MATERN, ZOEFIE Mivake 523198551
BEFI¥WNFECY > TCHEELELY R
GM—CSF O NFE#HFI & & —FH L, E7-.
3L 8fLEIMfEDA VA = vEBEICO— 7Y =
YNEEY LEEE N FETHC L RmBT 5K
EAiER LB 5 (Tsuneoka & Shikita RFE
).

b. HFFREMEET 50T 5 HREABEMD
7m—viLk 7 v — vREKME

ZLVCHMBRYESELYH > ~v AREAR
(NFSa) oWE#HB P, M—CSF b0



G—CSF 2E&EFIhTWBZ EXRRALE
(Sakai et al., 1984) , = DO PIEMIRIZ10% {74
MEFET T bV A FEREEEE LIcRET )
EE 28D CSF %50 LT 5 2 Latbh o
Too Flo, TOREXBHE LI~ Y ADRAFICDH
2fHo CSF 2t X, G—CSF (x~=v &
DEHIEHT e b OIFFROEBIRED RS E TS
Z EHR & s (Bessho, et al., 1984) .
M-—CSF i3 2 &M b« 5ab
hTuwsbsn, M—-CSF bistwe G—CSF # 4 4
WT20EmTHs, L OBMERE
M—CSF #E4 i & G—CSF EAMar B L
TWBEDEHITITI-T, MAEXELLH 7 » —
ALT B T R AR, 0. 3% RS B
fastg®E L CIEED 7 v — v B, D5
H3DoD 7 e —vir, £& LT M-CSF 24
L7chs, fiod122 m — i3 2 8o CSF * Rk
AW LT, R UHD3 7e—vnb EERUSA
BETY 77— vik{Esfop, WThov 7 »
r— v fExDOKRT2MEHD CSF ZEA LT,
B M-CSF #EATSH LV HBERITREET
Ho. 2fED CSF » RBHCH5WT 5 03 KL

—SE T\ & f53 L7- (Sakai et al.,, 1987) .

COMIERBEMRIEK - BERFORBE 1%
+izxb, v 7VAG—CSF ®» cDNA 7 » —= v
e b0 G—CSF 7/ af@rcfFR I h, K
BRI ~>12o RALOHIRICLD, b bE~y
20 G—CSF o—k#EiEiix, o CSF iz &
LDhHREOELVEWEZEL I WO HEED R
Sh, b MFPRPROMEBECLEHTHL LV HFK
A DBENELVZ ENEMT BRI,

c. &% CSF o4:¥iEk

1) BFE L =na PRI T S

EH

tEde v B2 M—-—CSF 565 00Kk
RSP—2-P3 528 % H D GM—CSF # B F -
EAETHW, 0.3%EXRF0130.8% 4 F 1+
Ar — XEHEM < v A By 5 BEE
Lico AL oohoMilaEEsxF €591 T
BuEkFc, 5 CSF #4UEcBELEL
foh, BuF s €5 ) A BRCEEEL LD
E£EROHIBNA DAL DR IE L &ET T, £
EERMaEY EFBZ L. M—-CSF & L<ix
GM—CSF o\ FhhEiic oL K6 L THEE

M3 GM—-CSFicX v o2 bhtk~=2s7uve7,—-2

M RBEEEEOEREEBR (x12000) &ML 7 HH,



ToHMEE, WThedRIGL S 580 3 &
DR OENREAE P L Lic (Wu et al.,
1987), M3 BHEEED 1 flexrTd,
EREHPCERE LI YA~ I 0T > — )
EMpas. M—CSF 1o L 2 BRI AZ T T
5. ERNCHEEARBR LT 2 20T 5
¥ T, BIUAWRHOENGEET S, ZO/D
WAHWAEST 1~3Gy DXBRHEZITL.
HEFERIBL A 52 1o SPE AT O B R i o R g
BB L x B L, 55 LICEMiao Rz Ml
Bz X -, BRI U OB M3
ZLLET A AN TV50, H4KARL
Tk, EE~7wm 7 >, — 8RB LT
VIR O B R OB AT 5 2
LixTEieh o1, (Sugavara et al., 1987)
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K4 M-—CSF X sHBERBEYZT 0%
EFE~xrm7 . - CORBREENE

2) BEATERR~7r7 > —2OEK
it
<y ABEEBERCEET S~ 7207 , —CRE
%, MExSEnERSMPCcl~3 BREEEL
e, FM1EY VHIBICRIBLTA == F v
FREETLENY, ¥ IV Iix, v/ AKTL

BV, RO E S MBRBEESE U\ WIRET
T, M—CSF =7 wr 7, — HER LA X B,
ARk v FEANMEWET 5 Z RS R,
M-—CSF i34 =7r7 - OMBEES &L L
TofE oz, RP~7 v 7 > - OEERE
BELToHEEL b - T3 B s (Kana-
da et al,, 1987) , L L. M—CSF %BF\ic#
535 L BOCAEL ARV E VORBE L EE
i “ down regulation” & MHER TWBEENAE
U. ¥7 807 3 =GB EREIhBZ LD
RENT,
3) EHN BT H5FE A mMBRENER ;

EHe tRIoBEH LA M-CSF 2, =tV
MR LY AFE 7R 7 » — OOWEH
Y RETHEAY S - T 58, = d M—CSF
BE 8~10KU # 6 Afilicirtc» T= 7 ADREE
R =RV 7ZRAVERERS L &, KBE
BEiFPOE~ 727 > —SEIRROH 2 fE1c
W32 - EARIN (Sakai et al., 1987),
OB ME, EFE~v 2k XK (3 Gy)
LHFEE~ VAR, BE 224~750KU o
M~—CSF #10~14@Ec 5 CHEBERTES Lic &
T b@EDONI, WiFERSEIEER S
NTHERTHZ LBbh b,

d) c—fms BETFORHE,;, ~vRHMFEMR
ks c—fmsmRNA OBHEE T -7 (FE2),

#£2 ~v2RAMKHARIC KT 5 c — fmsRNA

#ifa RNA 44 X (F =ig#)
v FrHL60 %94.5
TYRATIRT ,— 4.3
A 1758720 £94.3, 2.5

#8072 4.3, 2.5

7 8010 $94.3

#8705 $94.3

#8718 %4.3

» 8726 4.3

7 8738 #94.3

FMa»rb, e PAMKBEME HL60 ©

c—ImsRNA X h 2G5 FED/PHI RNA 28
HBlLt, 2=y c—fmsRNA 23e DX H
CHELTCGFHA AR EC EEEHRD
c—fmscDNA & - FBE Licv, LrL, FH
LOERERLL, ChboFHMBAKRD
M—CSF EEHIZEL > TWw A 6T,
c—fms REBCHEIIBRH TE I ote, 2D



Zkiz, MR EVE2RT = v A AR
kT, M—CSF &% L £ 0SEARRBET
Tab c—fms ODRBICEEZOMHRBEDZ & 88
NI,

M-—CSF [&&MH o mRfa<h 587208k %
M-CSF &#tic—kEEE# 1T\ RNA # 7%
L. c—fms %% Northern 7 = », F~1 7Y
A E— 2 g VX DRI K 2R LIcRiC,
87208k 124.3F miEE B X O2.5F nifH iz
c—fmsRNA # @4 Lic, M-—CSF &N T24
BRHEEY T - HBoMBRT ST
c—fmsRNA DpEA 2 — viICELIZED b
Mofetd, M—CSF FETO—REEMETE
21 —1.2%wiExo RNA i H I i,

Z DIESF c—fms mRNA AEROERE L
T, EH c—ims SEEHOSMEL L HMEF T O
Y c—fmsRNA o4& GH L5, ZH@ VOB
BNRELLNDL, MBTHLHELIE, KkF5 v 4
LYW %5 mRNA 5 & LR 58
LWk #E#EC X v, c—fms mRNA %4
BHOFHEZT., ZOBEN M-CSF R&ERT
BThHZETRLT S, i, BETHh
¥, M—CSFrXnv#FERELNDRMD c—fms
REBBOFEEYRB LT\ 5%, TOEST
c—fms mRNA oz, M—CSF &x3 56
BB ROB LB EEL TS,

AR RE N TIL, &b = a 7, — WS
BFLbPR~TA - =rm7 5 — - [FhERY
TERFORBHEE, NKHR7 1 7 BERERT %
THZENTE, INHDORTIIVTh LR
AELETH Y, BOFETHEV BD THENIT
BBIDIC RO FTE TIIEELRETH - 1.
BKs/a<x b IS5 7854, €T3 g IBREI/m
=N IFT7AT A ERERLCEERE 7= <
FZTZT7 4RI ST, REISEEIZL 5K
DLt e, 73/ BEIIZRETHCELT
L. SHRECTHENIC: F~ v SBRIEX TS
SHEBLFHTE 0T, B BEORKEEA
X WBEFIOHRENTE I,

R, BETFIFENSITESEEOES S &
e, mRNA % cDNA kL Hic 7 = —
=v I HTv, BRI cDNA 7 r—vDX 7
VA F FEFIHREL T, b EDAESEAD—
KRIEBEAYHETHZENTEDL IS5 > L
MULIEME, ZOHEKL L > TRDON L —kHE

ik, BHLETCHEBETCHH L TEL L,
mRNA ARIZBELTCET LA S F5M v v rRe
FAEL B ER L BICETE T e v 712
I oT, BERERLAESBoESEN ML LY
cDNA i b Rpbhi-HEHEs %125
ERR G,
ARFETIL. BIRERD THHAELEE S
D—KBER OO T I/ BEAREY S L, &
BFLENFECHERTREY I LEHE2ET
HAEHCH -7, 2BOMBERTF OB L RIE
EOBAYTHEZENTELDILETH -1,
B LA LRRoBERF Y AVGTC. REREE
{ = v A0 MBRE~OFIBZHERL., <V I+
I LTe= v A BEEMERE O B R R M Rt
BEBRI Y LN, & DH TS - F- 5T,
BETFIFHFECL > TR L-EBERTA A
W, O ERET-> T 5, BIWERYIT 510k,
REOHEERSLELT A0 T, BETFIEN
FHEYFIHE S5 2B\,
AHERTIZ, =7 r 7, - CHERTSAEED
B b BEFLFENFELTH L, * 2 EE
v 4 VAHRROEEEEF v—fms 13, w7 =m 7
> — CHBERFZAGEET LB LCESEY
S>TWABIZ ERHLATWED T, v—Ims
cDNA Mih % 7 e —7 & LT, MEHBER~Y
AHMROZEOBKIZOWT, =7 w7, -
BRTFZBEREFOREE L, mRNA 04T
B4 XEBE LI, FORBE, TS 2k 1
RERLFRDI,
~7m7 ;- HEBERTFIZ., G-CSF =®
GM—CSF 7t &find CSF L 82y, SHBHED
MR OEEIE L L TR OTRERSAB VG &V vbh
T3, LEOERZAGOHE L AIREDORKR
LOBRIEOVWCESBELHELRT A TFETS
5,

5. % &

b w2z e7 ., —ORBERT (M-CSF) 7t
BOEZ=RIAR-=27r7 .- [FREREERT
(GM—CSF) %ftft L. 7 3 7 BB 50
NRWDO T 3 7 BRERSIHHE L1,

Zhbois M—CSF /s 50z GM—CSF %
H\T, in vitro 7 B 0N in vivo 12 R\ T, IE
B = e FRARCHSHRERAMRARC
K3 AWM LISBSERES B A 3E8 L,

T, =V AREAEMREC M-CSF tifs
KHEERF (G—CSF) RS W5 Mia%
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General Activities of Genetic Effects Research Group

Izuo Tobari
Division of Genetics

In view of the importance to know genetic ef-
fects of ionizing radiation to man, a resarch pro-
ject on genetic risk assessment of low level
radiation to man has been initiated in 1983 as a
program of the project research on the risk
assessment of low level radiation.

The major objective of this research is to
elucidate the dose-response relationships for in-
duction of mutations and chromosome aberra-
tions in cultured mammalian cells as well as in
male germ cells of primates. For this pur-
poses, follwing three programs were carried

BEHROBEEEZ . FENBEBCRENIA L
AT, MEBROEWYCF T HEED K E
LB b DTH B, LichisT, BHBEOBEE
EDAR L BEICETIRENT -2 BB L
. v NS AREHRD Y A 7 FHEi O b D
BLUBLOTHH, BEBROTEEEOEBEL
Tt HMBEREEORFCRENIBRIALY 52 5 1cdic
TERTH B,

e PHTABEBO Y A 7 FEO OIS
LR VSRR X B REEE, ERERR
REGEREOFRBEORE L OBGRY ERCIE
BTA22LRX-»T, BEVAZ7EEEXDDC
ETHDH, TDNHIEFI48FEDHEFISTEDI0E
Miziote » TIT » T E AP [HEtHiRc L 5
BIZEEOGRE OHECETARAENE]
Wi, KR Y v RBRiC s R ERRT . R
MR CORRKRER L. BB, FEERA
THERE (FEHE) 0.05Gy i EEToRE
HREFRE RSB &L LI, BREEDROBRM

out by scientists in Division of Genetics in col-

laboration with staffs of Division of Technical

Sciences.

1) Studies on dose-response relationships for
induction of chromosome aberrations in
stem-spermatogonia of the crab-eating
monkey after low and high dose-rate y-ir-
radiation.

2) Risk estimation of radiation mutagenesis
in man by using cultured mammalian cells.

3) Effects of ionizing radiation on male germ
cells of the crab-eatring monkey.

WEOER L T 2 FREBOFNE Ar A — 5%
BricbOMEYITV, AR e MCERRER
BMAEREBWE LTHEILL, ChbxHVvTe b
EOHERERIETARFNMRYBLIDOMH
FuTotco TOERLBRBIIKROWML TH 5B,

@e PRMMEY AT, EVvSA - FYFU A
s REARECHEDE,S AL TR T L
LM LT,

®e P RIVH =74 FAORMMAE AT,
0.05—3.00Gy D EIH T BT HREMAREREOR
BYRBERDT — 2 %18, 0.3Gy LT Tii#iED
ROFEFEELY TETHRBRYEL,

@©e FBIVH = 74 ¥ ADORMIMIZ BT 2K
HRBRLEERETICH L THLACBERYDE
BARbIeh, TOPRICIZLVEELDHDLH
ED ST 5 o,

@~ v AEEEMAR YT, BERNRIC X
HERERFHD 0.25-3.00Gy ¥ TOHEHE
BRD 7 — 2 %18, Z OHiFA CRESRIIEHE



RERTZERHLAI LT,

©®—~ v A{MFEAEIL > DNA B D EE /KR
BEKR LRI L. TOREEN. MiEES
RO L, BEHRC X 2RRATE, §
EBEEEDY 2 7 FEIMEHE L BECBER LT
HIEREFL, LEWELBEOMEREGYR
W sEECMBYEL,

O EMIC BT 5 B RBREREROHE
ik, & b, 7Y AMTKRENE LD ERRET
LERYEL,

@BELHROF LREL LT A =71 Fa,
T—NTF VAR E - DETFHERENEFYTH
52 EREIFLI,

U EOWMEREL S F 2T, KAEFHE TR
DI ODBBEICOWTHERIT - T

OFBREC L 5B BRBRPEEARED ) 2 2

HEEDOHR

OEEMEIC L5 e F OHEBRERERD Y R

7 HER DR
OBSHRIC L 5 BEBEOKE ~ A 7 A DBAF
B3 5

S5 FEHOMEREOEMNITEROBY TH 5,
OBREC L 2BERBRLCERFT OV 2 7 #

E D

BB X > TETHHEBEORBERE. &
CHEEE A EEMRCER NS & klick
KRR MET A EREY D5, COWET
e MBS = 2 4 WA BO AT 0
HDHEREOFREE LR L OBBFRYRD, &£
KETFHRHEED Y A 7 HEEOXEBN T — 2 %18
AL ERBHE LTI, rBRERARS
(0.25Gy/ &) X »HEBREO HBEFE T
HIREDREBRIL. 2Gy KR AEELY L oILH
DORBPHRMBARTH. 1Gy UTOEKERESE
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Te9l1.79% L HiEI Tz, 7, 1.8x1075Gy/
SOEBRER TEKSH B2 ZTT B Ea T,
B b 156Gy UToRBR T, BEHRER
BEHFBEREZ R L. 1Gy %/ » OFREEIL0.16%
EHEEIhT, TALOERND, ERER G
BAhC L 2 HEREOFRFEE L. SREXRES
BTG D 1 B T5 2 ERBE LT
ot IEREBRBEIC L A HEEEOERER
b, BEHROERKEDR IO HBEHEE .
0.01Gy %47- 1 0.72x10-6 LHEI N1,

@B LD e b ORHBRERERDO Y 2 7
HEE DR

e b OREMEY AV CRREERE RS #ET
L, CORYACTHEHRBREBREROBED
REPLrRTHELEDE, TORBREY <Y R
BEHROBRE L HERF L, RRERFROEE
D, SHLEERERERAHEL CBEHE
BB OWTEETF VA TR, RRERDY
A7 BB EEOE LHAEROBH TS BT
HEE T - o

<o A MEHAE (L5178Y) L v~ D4R
FEREHERGOSBECEI Lz, £D—D2TH
574 b=A v CRESHERKT 2 it
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BhHEELZLRD, XKRERIHETRKD 6 Bo
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7RITH e, MoMRMEYREYERE L. B
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Studies on Dose—Response Relationships for Induction
of Chromosome Aberrations in Stem-spermatogonia
of the Crab-eating Monkey after Low and High
Dose-rate y-irradiation

Izuo Tobari, Yoichi Matsuda, Toyoko Utsugi and Sayaka Nakai
Division of Genetics

In order to estmate the genetic risks of
ionizing rdiation to man, it is of importance to
study the quantification of radiation-induced
translocations in stem-spermatogonia of mam-
malian species. In order to extrapolate from
the animal date to man, it is necessary to obtain
date from germ cells of a number of mam-
malian species and to evaluate variations among
species. The date on the dose-response rela-
tionship for yield of translocations obtained in
higher primates closely related to man are
especially valid for a quantitative extrapolation
to man. The humped-shape dose-response
curve has already reported in the rhesus monk-
ey, marmocet and man, though the dose show-
ing a peak frequency of translocations varies
among these species. Furthermore, the most
noticiable finding has been that the frequencies
observed in the rhesus monkey were significant-
Iy lower than those in other species.

To extend information in higher primate, we
selected the crab-eating monkey, Macaca fa-
scicularis which belongs to the same genus as
the rhesus monkey, as experimental animal in
this study, because the crab-eating monkey

breeds well in capacity all the year round, and
we observed the radiation-induced reciprocal
translocations in stem-spermatogonia.

The frequencies of translocations induced by
acute y—irradiation at 0.25 Gy dose rate were
0.09% at 0 Gy, 0.53% at 0.25 Gy, 1.07% at
0.50 Gy, 1.86% at 1.00 Gy, 2.47% at 2.00 Gy
and 1.33% at 3.00 Gy. Consequently, over
the low dose range below 0 to 1 Gy, dose-res-
ponse relationship for translocation induction
was linear one. The dose-response curve
was well fitted with the linear equation in-
dicated by Y=1.08%x103+4+1.79 x102D.
However, over the dose range 0-3 Gy, the
dose-response curve was humped with a peak
yield around 2 Gy. No remarkable inter—
animal variations in the translocation induction
were observed. The induction rate per Gy of
translocation in the crab-eating monkey was
significantly higher than that in the rhesus
monkey. A

The frequencies of translocations induced by
chronic y-irradiation (1.8%10-® Gy/min, about
0.024 Gy/22 h/day) were 0.15% at 0.3 Gy,
0.27% at 1.0 Gy and 0.33% Gy at 1.5 Gy.



The dose-response relationship for transloca-
tion yield was linear one with a regression coef-
ficient of 0.16 x10-2, and can be described as
Y=0.94%x10"3+0.16 x10-2 D.

When compairing the frequency/Gy of
translocations after very low dose rate y-irradi-
ation (0.16/100 cells) with that after high dose
rate y—irradiation (1.79/100 cells), it is clear

1. ¥
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ETFORMECRAMREEOCRER LD Z LT
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AR ORBERREAOFREE, EE D
L, To—ErrkRCEL b, GHORENH
M35, 2O ELBERC X HAIREBRED
v FERIR BT B Y A 7HEE DL, ER
POEOFRFEE LRE L OBRLEEHOA
Hla, BB BREROBRICHEINIEEOR
L& VCERMAREYBHVGT, BRAKFBECHAN
DL ETHD, ThIFTIK, b, v—=F
Y FRIVCTHSFLD IEOESEFICOWT
PRSP INTE h, RERLAEOFREEHN
BREYRTHFREIBC Y > TR DD, WTh
DBEZ S IUF (humpt-shap) DR ERN R
RTIENBEINRTVS, RYEETNEM
Rix, 745 ¥ L BN XBHREELEED
BERN, oA TELIENZET
B2, 1FOEENFEZESREETIL, 77
FHELTCHBLONCHEGEOERENL L, BA
0.01Gy OBHBE L HE (ERE. KEEEX) L
ek &, RRICEETFh T A ERBREROBERA
BIiz100 AR Y 1 A FhUT LH#EE
LT3, ZDffit, e rRIVP=—Ft, b
LBLHRESFEENOHEE LLRAED Y A 2,
1005 HARY 02~10AN LS 5 HEMBEL DIXD
A&y, ZOFBLVGERNANC L B3 - T
Wiewas, HEERECERT5EEHY R 2
ETHET, KELMBEYR R L2 L3E
ETH5D,

H iz, 7H ¥ ¥4 (Macaca mullata) & [

that low dose rate irradiation gives only about
one-tenth the yield of high dose-rate irradia-
tion.

Thus, there is evidence for a pronounced
dose-rate effect in the crab-eating monkey, in
contrast with the situation for the rhesus
monkey.

D H =274 %1 (Macaca fascicularis) %\ T,
BERMARCE CHEEEOREXRBEHRY A
X, BENY R 7HEEDO D DEEE O AR
BRI 2185 ERET -1,
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a. HWERNREEROBREELRE : 6 HOJER
BHEH A X DI10DBELYREE U CREEREERD
BARBEFE 2 FAICHER. 47000521184 4
BOMIEEI BE I, ZOKE. BRELE
HE120.09% L HEEI R, COHEBERT A7y
LCELABARESE. 0.08% (van Buul,
1980, 1983) LIEHIEL L TR, Ficflo
HELEM CTH ORIl L L LT,

b. BiRE. BRERES X 2RERA R
DHERBE BT HREZHRBAR : 0.25Gy O
BRC1Gy (48). 2Gy (35H) R XU 3Gy
(330) »RERTRH L. 1 BEY 50008
M A A ~Nic, BENREEROBEEREIZ, 2

DOHELXHAVE, 12k, definite & possib-
le OBEE»LEEYHERET 5 HET, iz, de-
finite DA LHEET B HFBETH 5, Possible
X, AR RERREALEIETE VA, B
BORERXINOEREREARLBELLLOY
B, PHEKEERRAKLIMETELLDODHE
B, 1Gy Tikl.9%. (350048k3=+65). 2Gy
Ti32.5% (3000fif2R74), 3Gy Tixl.3% (3000
MiarR40) Thot, ThBHOHERTEHEIT,
definite +possible D5 — 2 7 LB/ {EE FEIC
RicoTnishotc (F1), BEMHPEHROH
BEECET s EEBOERII. 1Gy Tt 14
—-2.1%, 2Gy T3 1.9-3.3%, 3Gy Ti% 1.4—
1.6% Enle b/, FREADREEBOER
L5 ERD BRI 5 o,

£1 r#EHW FR) 3B X2 BERLEEO HBEE
Dose Monkey Testis Number of Number of Translocation % translocation
(Gy) cells translocations configuration (Def.) (Del. + Pos.)
observed Del.  Pos.  Ring  Chain  X-Auto
1 No. 18 R 500 2 0 2 0 0 0.4 21
L 500 19 0 15 3 1 38 ’
No. 20 R 500 9 1 8 0 1 2.0 21
L 500 11 0 9 1 1 22 ’
No. 29 R 500 6 1 6 0 0 1.4 1.4
No. 33 R 500 13 0 12 0 1 2.6 18
L 500 5 0 4 0 1 1.0 ’
2 No. 22 R 500 12 1 10 1 1 2.6 28
L 500 13 2 n 2 0 3.0 ’
No. 28 R 500 6 1 4 2 0 1.4 1.9
L 500 11 1 10 1 0 2.4 ’
No. 30 R 500 18 0 17 1 0 3.6 33
L 500 14 1 12 2 0 3.0 ’
k] No. 24 R 500 11 0 10 1 0 2.2 15
L 500 2 2 2 0 0 0.8 §
No. 25 R 500 7 1 6 1 0 1.6 16
L 500 7 1 5 2 0 1.6 :
No. 32 R 500 5 1 5 0 0 1.2 14
L 500 8 0 7 1 0 1.6 ’
Def., definite.
Pos., possible.
BRERMREAOF R RIS 2 R ESREAR 5HDTH-1,

i, 2Gy KR AHE # R T ILE O R YR Lz,
TR L S THERINBEDREEER D &
172 GMLEER, B3 h1T90RER %
ik 5 5155 (86.8%) »ERREINMMHREME T
Ho. 18 (10.1%) »gERBPUFRELT, B
D 6 FWEEI X Jufth & B AL L OB OEETH
Sle BB EERHOMIZY : 1 THD, 2D
Wi s =711 ki3 530: 1 EBLLRR

c. EfRE., SRERBHC L 2GENLER
DOFRBEE BT 2 HEDHRBEER : 0.25Gy/ &
DHFEBERT 025Gy (3FH) B Lo 050Gy (3
BH) #RERBWEE L, 1 #ilgXc v T500ER
MR A AT, REERRAAOEE LRTR & i
2, 2OFBI X » THEE LA, MEOHEME
CREBERZIRONICH - T, PARECEEERIY
B LETELLDOEE IR, 0.25Gy Tix
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£2 1 BT BE SRS AEERREEOHBEE
Dose (Gy) Monkey Testis Number of Number of Translocation Translocations (%)
No. cells translocations configuration (Del.) Del.
observed Def. - Pos. Ring  Chain  X-Auto
0.25 39 R 750 9 0 6 3 0 1.20 0.80
L 750 3 0 3 0 0 0.40 :
41 R 750 3 0 3 0 0 0.40 0.40
L 750 3 1 2 1 0 0.40 !
42 R 750 4 0 4 0 0 0.53 0.40
L 750 2 0 2 0 0 0.27 '
0.50 43 R 750 6 0 6" 0 0 0.80 0.93
L 750 8 0 7 1 0 1.07 :
44 R 750 9 3 9 0 0 1.20 1.40
L 750 12 1 12 0 0 1.60 )
45 R 750 6 0 6 0 0 0.80 0.87
L 750 7 0 6 0 1 0.93

* Two translocations are ring hexavalents and the other 4 are ring quadrivalents. Def., definite; Pos., possible.
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Risk Estimation of Radiation Mutagenesis in Man
by Using Cultured Mammalian Cells

Koki Sato, Hiroko Hama —Inaba, Tadaaki Hori, Tadahiro Shiomi, Akemi Ito —Kai.
Fumio Sawada*, Mitsuoki Morimyo* and Tomoyasu Higashi*
Division of Genetics ,*Division of Chemistry

A number of mutants of mammalian cells
have been isolated that are hypersensitive to
the lethal effects of various kinds of DN-
A —damaging agents. Twenty—six mutants
selected for their elevated sensitivity to
mitomycin C which causes DNA interstrand
crosslinks, have been classified into two com-
plementation groups.

Six X —ray —sensitive mutants with a variety
of cross—sensitivity to various chemical agents,
showed peculiar recovery patterns of radia-
tion—inhibited DNA synthesis which is quite dif-
ferent from those in wild type cells and ex-
hibited a higher frequency of radiation—induc-
ed mutations than wild type cells.

A multiple mutagen—sensitive mutant has
been established by sequential selection of one
type of sensitivity to DNA —damaging agents.
Firstly, mutants have been selected for the
hypersensitivity to alkylating agents. One of
these mutants has been proved to be hypersen-
sitive to X rays and gamma rays as well.
Secondly, the ultraviolet light sensitivity has
been added to this mutant by using the cell
suspension spotting method. Thirdly, the

mitomycin C sensitivity has been included in
this mutant by using the replica plating techni-
que. This multiple mutant is similar to respec-
tive single mutants with respect to the sensitivi-
ty to X rays, ultraviolet light and alkylating
agents but is unusually hypersensitive to
mitomycin C and 4—nitroquinoline —1 —oxide.
This mutant is useful for detecting environmen-
tal mutagens with high sensitivity by way of the
growth inhibition area method.

Excision repair—deficient mutants between
mouse and Chinese hamster cells have been
compared. Mouse complementation group I
has been found to correspond to Chinese
hamster complementation group 5. The
human genes that compensate the defect in
mouse cells (ERCM2) and that compensate the
defect in CHO cells (ERCC5) are both localized
on human chromosome 13 and may be identical.

A transformation —competent and radia-
tion—sensitive cell line has been established by
the method of partial cell hybrid formation.
Using this cell line, cloning of a human repair
gene is in progress.
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Effects of lonizing Radiation on Male Germ Cells
of Crab—eating Monkey

Masanori Okamoto, Masayuki Kitazuma and Izuo Tobari*
Division of Technical Services and* Division of Genetics

Effects of ionizing radiation on sperm con-
centration, testicular volume and sperm shape
of the crab—eating monkey and mouse were
studied by using acute and low dose—rate
y—rays as well as X—rays. The crab—eating
monkeys, all were more than 5 years age, were
acutely irradiated with 0.25—3.00 Gy using 137Cs

7y —rays at a dose—rate of 0.25 Gy/min.
Semen was collected every 2 weeks before and
after irradiation by electrostimulation. The
sperm concentrations were decreased with time
after irradiation, the degree of the decrement,
however, varying markdely in animals exposed
to different doses of y—rays. The time at
which the sperm concentrations were reached
the lowest was also dependent upon the dose to
which animals were exposed. The result
shows that the dose—effect relation for sperm
concentrations was linear one. When the pre-
sent results were compared with those obtained
in the previous studies with mouse and golden
hamster, the sensitivity of spermatogenic cells
to cell killing by 7 —rays in the monkey was the
highest and that in mouse was lowest. In
order to estimate low dose—rate irradiation on
the sperm concentrations, testicular volume and
sperm shape, the crab—eating monkeys were
continuously given whole—body irradiation with

0.3—1.5Gy of 187Cs y—rays at 1.8 x10-5Gy/

min. Befor, during and after irradiation,
semen was collected every 2 weeks. Remark-
able changes in sperm concentrations and
testicular volume were not found at 0.3 Gy.
Above 1 Gy, the sperm concentrations were
markedly changed with time after irradiation,
but the effects of low dose—rate irradiation on
spermatogenic activity seemed to be different
from those of acute irradiation. The changes
in the sperm concentrations and testicular
volume following X —irradiation at the dose--ra-
te of 0.32 Gy/min showed that the killing ef-
fects of X—rays are apparently higher than
those of y—rays. By using the monkeys ir-
radiated with chronic y—rays the induction of
abnormal head shapes of their sperm was ex-
amined. The peak yields of sperm abnor-
malities were only 1.5—1.8% at 0.25—0.50 Gy,
being clearly lower than those in the acutely ir-
radiated animals. Comparative studies on the
induction of sperm abnormalities of the
monkey, mouse and hamster showed that the
yield of sperm abnormalities induced by 7 —rays
was comparable with that in the hamster, while
the frequency in the mouse was markedly
higher than that in the monkey.
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General Activities of Radiotoxicology
Research Group

Osamu Matsuoka
Division of Comparative Radiotoxicology

Based on former research project of this
group, new modern research facility for
biomedical research on transuranium elements
including inhalation study was constructed and
starting operation by non—radioactive and beta
and gamma emitting radionuclides. The
various specific experimental facilities such as
not only small animal inhalation facilities but
also inhalation facilities for dog or monkey
associated with animal maintaining glove box
for inhaled animals, Waste disposal plants im-
planted underground of this building are suc-
cessfully functioned to treat continuously huge
amounts of contaminated biological exhaust
water and animal carcass.

During this project period, five scientists of
this group went to foreigh laboratories and
university of related research and spent one
year or more to co—operate study as a visiting
scientist. These international exchange of
young scientists encouraged their work very
much obtained information were very valuable
for future works.

As to the research conducting under insuffi-
cient condition such as under construction of

1. SEOKHFRICETS
“REMR R
7 — 7 DEHOBEL, SIEHLEL LK
I < KRMOBFE L . MO KB % D&

various experimental facilities and limited use
of plutonium, following six different programs
of fundamental and preliminary for plutonium
research were performed 1983 —1988.

1) Movement and Metabolism of Radioac-
tive Particles in the Respiratory Tract.

2) Studies on Dosimetry for Internally
Deposited Alpha—Emitter.

3) Comparative Toxicological Studies on
the Effect of Internal Exposures.

4) Studies on the Treatment of Al-
pha—Radioactive Waste.

5) Methodological Studies on the Inhalation
of Radioactive Aerosols.

6) Removal of Transuranic Elements by
DTPA

Above studies were mainly emphasized on
the particulate properties of plutonium and
various kinds of Pu—simulated particles were
employed for experiment, however, the result
obtained will be compared with plutonium parti-
cle in very near future. Forty open literatures
obtained are summarized under separate cover
as an Appendix.
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1. RFIRWEOEGNER), FEET 2%

wm OB TRES, ARE #F

A, B M

B (PEaE < RS

Movement and Metabolism of Radioactive Particles
in the Respiratory Tract

Sentaro Takahashi, Yoshihisa Kubota and Osamu Matsuoka
Division of Comparative Radiotoxicology

In order to obtain some fundamental
knowledge about the movement of radioactive
particles in the respiratory tract, the following
three series of experiments were carried out.

(1) The lymphatic drainage of particulate
materials deposited in the respiratory tract was
determined in Fisher 344 rat by using colloidal
carbon, 133BaS0O, and 98Au—colloid as tracer
materials. While the lung region may be
drained mainly to the posterior mediastinal
lymph nodes, the tracheal wall drains primarily
to the internal jugular and posterior cervical
nodes.

(2) Long—term retention of intracheally ad-
ministered BaSO, particles in the rat trachea
was determined up to 6 months after injec-
tion. The amount of 13Ba retained 1 week

1. #%

RS E O ESNEBEIRICER T 2 NS ER O
PEAFHT A LT, HRLTIHGEHEOE
BRI BT 528, KRBT MRBLETH
b, MAE, BExOBHEEELHRLE LT £O
4 RRNZEE) RBNCBE T AL Thi T E 1ol
FRHOHRIIA 4 VIROBE ALY G L L
b DA%, EERCEVTRFL LTz
1 FOREBTHEET S, Wb SR T RENEY
B4R, BB L T ARBER SRS,
BERGE OB AL BRELDO b chTWB T L b
=y sl Eoy 7 vEL. LELITRFRT

after injection in the caudal region of the
trachea was 0.41% of the initial dose.

Thereafter the 13Ba was cleared exponen-
tially with a mean half —time of 88 days.

(3) The deposition and clearance of inhaled
or instilled 19Au—colloid were studied in rats
with pulmonary lesions induced by delayed type
hypersensitivity (DTH) reactions. The initial
deposition of inhaled 98Au—particles was
significantly decreased in the lung lobes with
DTH lesions. Early mucociliary clearance of
198Ay —particles was also impaired in the lung
with DTH. These results suggest that the
deposition pattern and the subsequent
movements of inhaled particles in the
respiratory tract might be considerably influenc-
ed by pathologic conditions in the lung.

HHERICRAERIN, HDHIE, 14+ VIRTE
HEHANER I T EBRCTTALHIKER LY
BEEREHE L, 2 o1 NRTEET A2 L0
B T3, KFETIER, 20X 5 RERHB
FRESHEDED—2oTHhBNTRBY 5 v TR
DAERNZEENCEET 2 ERN MR B5Z L%
BRIE L, BY 5 vEROEGARARK - LT
Lo & S EELERE BT 5 M RE 0%H)
CBELTHBEREAETF— 2B TWinWEL
To3REDVCTHRX T -1 Thhbb, 1) %
AINLRTHRERZEN S 7V T FVASRD
BBRO12THD, FIFDY v RBITERTE
DR, BIV, T-HWEC KT 2TRTEDT
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BLY v A HOBREK, 2) EBRE~DRTFORMH
B/t EDREL OB, 3) EEEBBIEC
Lo THREFBRE LT >REOERBICET S
BARFOWEBERLEZVT7TI VA DI ETHD,
ek, AAEO—Fik. SBLEFIEEELEL
THE MRC Radiobiology Unit iIZ#&EhicfTi
i,

2. ARFE

Z v PRRBOTHEY v EORE © MR

RWTEE I Wister %5 » P B LI O%EE
MRC Radiobiology Unit = ¥\ T4 E Xhi: Fi-
sher 344 5 » F &2 H\ 1o,
Bz~ = YBRBT C, pontamin sky blue
(BHD Diagnostic Division, UK) Xi¥=r A F
# — & v (ART 5912, Rotring, UK) % FEREA.
KEENER L ORI ERCHS L, 5 H%EAE
WET CREOY v HoMEBEYRE Ui, ¥,
FVVAEERERL, BEC LAV ART 7 4 v
PRHFER L. B5@EBERNTIRE Y v S0l
TRa I,

MR EBICER T OMER Y v HBTE 53§
Y MFT AR Wistar £5 » F TH B, b L —H—
BT E LTk, 13BaSO4 B1F (F# 0.34um),
98Au— 2w A FRF (0.01pgm) ¥ X ¥ ¥Fe—
KER LSk = v 4 FRF (0.005pm) AV, T
y M e VKRBT CREXYBHEL, 7M1= v
# =2 — U (PEBO) #KEH 1 FlEIHa g
BL. BB L v BEE%., 0.05~0.1ml
DR TFREBR BN ORI EHETEALL,
B —EHFRER. kmiR L. B0y v
SEEHE UBERY A - by A By -y
v % — (Beckman D5500) THIZE L7,

EMIE~ORFOUE : EREBH L. EE
MRC Radiobiology Unit T4 & hi Fi-
sher—344 %5 » FTH 5B, Pv—H—KTFLL
T3 138BaSO, MTFH AV, LEOKMS = 2 —
Vg VIET 10p]l HRERECE» RS L,
BE5H 1 ~2468F CoM, BRACER L, KE.
FRZEN Tz Bl IR Y v <Eix B L, * —
PO ABly—5 v vz —T18Ba OB, hE
BN, o, 24BHC LB LS5 TEDOEY
oW Tk, Nal SRR D 5 migo 2 Y
v P EROF I IR Y BRI B h
A¥pv=vrL, ERKE~IE LA 1B &
wAMREHAR I X » THIE Ui, 7o, ATFRIL.
=213 E MRC Radiobiology Unit iz 3\ TfT

2 7":0

fic BEEBBIEXFR LT » P OBRAE
B WATCTHAE LA Wistar R » FEHHL1 T
B A FLALEMET 7 ¢ v (BSA) O T#HE
WEoTHREL, RICAFA{LBSA %Y , 7
Y v 7 L Sepharose—4B (Pharmacia, Japan)
D ARF R BEECHANRE L, i,
—#D 7 » b Tk, HEOMECOLEE LI,
BE5H#2HBRBAu— anf FRITFEZEH LD
BABEE, b LLBKBAY =2 — v 5 v T
£ L, BAREIL, KEHOBRASEER 7V —
TR LI RABRARREBEY AV o, B
AR FREBLAME LTzt Fyv - 70
2 — 2R FIR 1% Au— 2 rq FRAREINRTLD
TEDORFRITH 0.3~2pm (CMD) Th 3, B
WL 1BAu == VYOREH%2~3BECEE
L. &HZWMELA~D 9BAY OBTEL A — P v <
Ay —n g v 8 =T RDI, T, —8
D7y PEOWTREHFTNEBYHAVCTAF
Y1, 2858 IOKRHBTO 198 Ay ODFEER YD
HAz X - THRE LI,

3. % R
K13 kv2ic, Fisher—344 7, + OEE

Superficial (SN Lt (| = ~==Internal
cervical In jugular In
Facial | 78 V‘\s\‘ Posterior
SzgﬂnZibL-, & ,i. o --—cervical In
gland -- N P \
7% Wl \ Brachia
Ry \ plexus
External - == =S W W\
jugular v &2 .—\\& B
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SUPERFICIAL ™Y DEEp

X1 Fisher 3445 ,, F OFEFFIZER D NIV
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mediastinal In
(left)

A\
Fesher 3445 , F DRERICED bht
Y v

X 2

BIURENCRES DALY v AFHiOMBERL
7z, Wistar %27 » PG5 ) v REOMER
¥ux. & (parathymic) vV v<HioFicEH
Fb LN BT, Fisher %7 » b &2 EREE
THol, BERBKEBT - BV v B L DB
HrEITRLL, Pv——RFThHhHarng
Fa—-R vk EERCRS UL &, R0k
BRY v EAOBITARD LN, —FH. BXEN
CAANESE LcE &, MR (pos-
terior —mediastinal) Y v S<EiAOBITHEE T
Hol, ¥, [IEFBR~NBEERS LIHE. BE
oY v AH~NOBTHERD bR, RICNTE
DRI 5 133BaS0, KF (0.34pm) & 198Au— =
24 FRF (0.01pm) #BREHCES LT

1 EABIOKHROY v _E ekt bang
N —# v oiEikeE

1 week

Time after injection 2-3 months

Route of injection® I[P LI TI IP LI TI

Lymph node
superficial cervical - - - = = =
facial - = - = = =
internal jugular - 4= 4= = = +
posterior cervical - - - — 4= 4+
parathymic ++ = - o+ +— -
posterior mediastinal
right — +4+ - - + +—
left + 4+ - 4+ A+ -
wEDORE : —, negative; + — | slight; + |

moderate; <+ -+ . heavy.
a 1p, BEEAES L1, BREIMAKETL.
KEBE~DEEEA

y MEEBTSH, WRTOERY) v HOBTE
PRLIEFRT, NFRICKELENRD DL Hvh
HHF, BNTFOFERKY v EoBTER. B
Ry v EixflictsdsbrEsEED0.02~
0.04% &= H v, NTREOHEIZDLhicr
-7,
EHRE~ONTORPHEE LA LTS
BT, KB 18BaSO, R FAHRE LT »
o, BEH 1 ~24B BT B BT~ D 133Ba
DILE - BTEYEICR L, HT2F5ELL
KEOEMTIHEEE 1 BElck L, &5
ED0.41% 7 E L, 24BEBETHERK0.1%D
HErBEDLR, MIRRLIEX 5L, 2 D%
MO HRIBT EHORROBB L & IET
L. ZDOE&EE DX EH LR/ D R LIT X
DA LHE IR, H=2—VOHADLDIZ
BT - L EMEBE T iz, #E5% 1BEBT

#2 KERFEE CHIA~ES IR 138BaS0, 3 L VM 1%BAu— 2 r A FRIFOMH

Ry v oEi~NOBTY

Lymph nodes®

Experiment Tracer
superficial deep cervical parathymic mediastinal
EXP I AL 0. 007 +-0. 006 0.004::0. 001 0. 007 0. 006 0.039:0.019
1%1Ba 0.009--0. 005 0. 008:10. 005 0.007:.0. 007 0. 036 0. 022
EXP 11 18 AU 0.009:0. 006 0.003.0.001 0. 009 1.0. 006 0.031::0. 009
113Bg 0.001+0.002 0. 002:-0. 002 0. 004 ::0. 005 0.022:+0. 008

1) BERIRGKR2HER BT 5 2HMERCHT2EIR TR LI,
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#3 KERECES Shic 138BaS0s W 0 EFANCBIT - WEE
BT - WEEL. BERCHTIESRTRLI,

Time after injection (weeks)

1 4 8 16 24
No. of rats 5 6 5 5 5
Trachea
Caudal 041 +£0.13 0.30 +£0.09 0.13 +£0.05 0.15 +0.10 0.10 £0.03
Cranial 40 =1.2 25 =13 1.2 =09 1.3 +0.8 0.57 +0.34
Larynx? 0.12 +£0.06 0.070 + 0.034 0.027 +0.045 0.097 £ 0.067 0.012 +0.008
Bronchi® 0013+£0.022 0.004 +0.002 0.001 £+ 0.002 0.003 +0.002 0.001 £ 0.001
Lung lobes 1.1 *0.6 1.3 +0.6 0.48 +0.55 0.10 +0.16 0.006 + 0.008
Lymph nodes® 0.034+0.012  0.056 + 0.022 0.032 + 0.026 0.020 +0.022 0.013 +£0.009
Restof carcass  0.84 +0.08 1.3 +0.7 1.3 +09 14 %06 1.1 +£0.6
Total 6.52 5.53 3.17 3.07 1.80
a THIEO—& % & LEIEE
b SEHE1 ST EUTHEARES
c B B0y v
Hote TOXFIOME, £ 3 1A LIERN
‘ ' :t; ‘ 1 Al MENC L o TROLEE ORCEEE
E O Patrik & Stiring (Bas0,) : ret 5 | BEHOleh o, KERLMCH, R 21K
10p$ A patrick (UO,) :rot 7 1 LicX 5, RES, MR, M X

O Patrick (F A P} :ref 9

0.1 } "5

2 1 { L !
0 0 5 10 15 20 25

TIME AFTER INJECTION (weeks)

M3 Fy b OB S 133BaS0O, KiF O
BRI THI RGBT 584

= RETENTION OF PARTICLES (%)

BWARDOUBIRDLRIH, Zhidr=a—V
DA, BHEOFBRI X540 #RM I,
WEH4BAECRABFTLIZSED T » PBVT,
BRI ST MR T 5 133Ba B4 AEEH I
Lo TRAELLEBEYF 4R L, 5B 1E
MHC BT 25 8EA100% &35 &, #5524
BTRMKEHCI30% T, EREKE®RTIRI2Y%
Lis b, TOXEFRIE, ThENRISE LUB2E T

ORI Y v A EHICER B T,

E5k, BED1fiFEcos DTH © X 5
REFER LTy bz, 9BAu— 2/ F=7Tnr
VAR BAIRLBEOWMBEEORELRL
o WBEBEDS , F TRAEELMTEEDHIIN
YRLE LT DL, ZDOEERZDA
DTH #5%& L5 v F T2k EED8.6%
HEE LT Edotc, K4 DTOHEH IR
Lk, DTH#BHELC\igva v b r—
LEEDT 5 + ORIHE~DILER (LI ERIC
NTHEHR) ¥100%& L, DTH 5, +
DTH BRI h-HETOXEROFEE L RD
BE. WS5% LIET LTk b, DTH #FHRAE
NEIBRARFHRIEE LI Kb ENREZR
foo WIZ, PREBEICIE LI T O 2V 7
v AR DTH R X AR L » CEDRICE
BrLF L EWS HICOWTERET S b,
1BAu— 2 r FEKEABETCHREL. &5
%2~ 3 BRI ABME LO02S L EE
TO 98Au O HEHEE X AL CRD T (B
4), H#5#% 3 BB KT 5 & B O K
EoHit., DTHHRS » F THERED - 1%
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£ 4 B X - TRD I 18BaSO, K F ORE~DHHY
1) R, H5E—RBEEOFERR100% & LicHERHE,

Time afier injection (weeks)

1 2 4 8 16 24
Trachea
Caudal 100 85+ 37 73+24 40+ 16 35+ 17 30+ 16
Cranial 100 90 £ 12 91 £ 12 56+ 8 26+ 8 12+ 6

£5 EMECKT S 1P Au— 2 vA FIEEEDOK

DTH rats
lung lobe control rats
Example 1) Example 2)
Left 30.9 + 4.6 % 8. 6% 45. 4%
Right .apical 11.7 + 1.8 8.5 12. 1
Right cardiac 12,5 + 1.0 22.17 10.8
Right diaphragmatic 27.6 + 2.9 37.6 15.2*
Right intermediate 14.2 + 2,7 22.0 14. 2
Tracheo—bronchi 3.1 + 1.4 0.7 1.3

Example 1D
Left lobe of control rats; 30.9% —> 100.0%

Left lobe of Example 1) of DTH rat; 8.6% —> 27.8%
Example 2)

Right diaphragmatic lobe of control rats; 27.6% -> 100.0%

Right diaphragmatic lobe

16.2% —> 58.7%
of Example 2) of DTH rat

Control rats Beads injected rats DTH rats

100.0 % 103.8 + 9.7 % 54.7 + 21.8 %

i, B5#% 3 BB0FBET I HHAERER LicT vy b TREFSEZNT D LTHEOM 7
T oo ksEEOkYL, DTH THER V75 VANREEIRTVS I EATRE IR,
Ehol, 2O EMNL, —H, HF2AERKE

wELTCLES> L, DTH R X5k HR
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Lung

Sum of lung,
Ingestive organs
anhd leces

The ratio of external
counting ol thoraclcregion
to that of abdominal region

3-5hrs afler the inhalatlon on day 2

after the Inhalalion
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~ 40} ~
o o
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S a0 s
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o o o}
b <
o
g 20f a
101 ! ' ‘
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. injected i . DTH rats

rats i
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WEDRIT B\ TEBIFR Y v ~FHOLE LI
A=A ALNBRAD—DIL, HEETET
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Bl > TEFEC oW LHETE LD LEE
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ELINTFO 1 % EEE0.018 T, 99%1x0.2
HTZ OFMLBLHEEATEEBEIR TS, L
AL, R2IERLIL 3L, Z#EBOH0.4%ix
BEE—BREE TS OWMc & ¥x b, 88H
EV S RVGCERIITHEE Lic, 2 DRI 7c & 4.
BEIC X DR E. RV » FEOF - Nal i
BIZIHAMARKRIC L > CLHERINE (E
3)o AFERIX., ABRLKBRFELHA VT o b
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R LEEE MRC 74— 70BE%»EMR T 5
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LN LI DTH D, 2 DRILE ORI,
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THAEEYRD D, BEHENTO ERKRE~NDOE
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BA IR FONRTE I 51T 528, RH
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. FREI#H. SRAESNLEBHIOERK X
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e FE L THTREBY 5 vEEOBRAK LB
PEREE < D& T 556, —BARIFE
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LT, MBRBERBEYFETHT » 2 AVTERA
KRBT ol T v M ICEBRANCETRA AT RE ML
WEBEBEE LTUL, <M 2775 XL, =7 =

— 107 —



2 —CH5 X AMEE,. BERRBIEC X A0
RENEZ DN BN, —EBOREY. BFE L
MICHERIRLZENTE, i, TORENE
BRI CBEEIRTV2%0HEmNAL 2 F 110
BSA ## o 7V v 7 L7 Sepharose—4B # A %L
FORSHENEE T L » CEERBEUE Y S8
FHRL, [JEAREOMRYBRICILT » M %
=EFAEMpET A LIt L,

E5ERLL i, DTH %358 Uiz
Tlt,. BAENI-1BAu— =20 f FOWEN=2 v
e — A REB R 5T, Sepharose-
—4B rr{FoLirs L. DTH B3FRSh
TWeWIiEEIC 1% 9BAu— 221 FOUBR
Zavire-AtoREABENRRDbBRIVZ
Ex s, DTH FRIEEC BT 5BRANTILE
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FOBOESEZ VT 5 v ARE L2 AHBA~
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DRIBAIIEEIER i~ 7n 7 > — 22 X
STERENSEDT, DTH 545 FTiZZ DX
YIRTFRAR= 7 v 7 - — OHHBEREERC X
ST EffHER 7YV 75 VARSI BEE, b LA
wIRr7, —CEEOBEECHES 2V T T VAR
DTH 5 » bt THEINR TR Z LREEh
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Ml A B = X ARDWTIRESBROBRT -
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Studies on Dosimetry for Internally Deposited
Alpha—-Emitters

Nobuhito Ishigure, Masamichi Sekiguchi, Takashi Nakano and Osamu Matsuoka
Division of Comparative Radiotoxicology

Dosimetry of internal exposure, in any cases,
begins with the determination of the deposition
and retention pattern of internally deposited
radioactive elements. From a methodological
point of view in this context, we have carried
out the following three subjects.

(A) Calculation of Calibration Coefficient
of Pu Lung Monitor Using Monte-Carlo Simu-
lation

(B) Development of Pu In Vivo Counting
Device for Small Experimental Animals.

(C) Development of Autoradiography of
a—Emitters Using Solid State Nuclear Track
Detector ; (C—1) rapid and quantitative
macroautoradiography of a—emitters in a whole
body section of an experimental animal, (C—2)

simple microscopic autoradiography of a-emit--

ters in a histological section and (C—3) factors

affecting etching properties of CR-39 solid

state nuclear track detector for a—particles.
The final goal of our dosimetric study is put

(el

PSR O ERMIL,  TERESEEO#THA
WEFTHELDRDOMR A - ERRETHD
EDBIEES, COBEANSARETIIARD 3D
DINT — < HEIT L,

on re-assessing the dosimetric factors recom-
mended by ICRP such as “the modifying fact-
or”’and“the quality factor”. Since these quan-
tities affect directly regulation on the intake of
radioactive elements, the social as well as scien-
tific significance of our work should not be
small. The present study has been located as
a step of methodological development in that
course. We evaluate such a role of the pre-
sent study to have been mostly fulfilled.
Especially the techniques developed to assess
macroscopically the initial deposition and reten-
tion in small experimental animals are expected
to be used in various kind of aspects in the
course of the research project as well as the
dosimetric work. And the newly developed
microautoradiography using solid state nuclear
track detector will serve us to obtain primary
data for the work on microdosimetry in deep
lung burdened with a—emitters, which will be
starting at April, 1988.
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Comparative Toxicological Studies on the Effects of
Internal Exposures

Yoichi Oghiso, Satoshi Fukuda, Haruzo Iida, Yuji Yamada,
Yoshihisa Kubota and Osamu Matsuoka
Division of Comparative Radiotoxicology

Lxtare]

TAL =Y ADLESREY 7 R L BHE
BRI, TOEREFERObLY, BREBORER
., IV e BB EBEMECL - T,
fiids X OVBICERCEE (BHrA) 2RETE
NEL DEMERIC L v EISRTWBH, D%

BE#BC oL TELT LR TR, —FEDRK
BYRBFRY FOF Fe bicMET B Z L EE
Thd, SOOI ENLARRFEBECLL. BEELE
HBRETHAMEFLhETheowT, UTok
5 N ER O FERIIC L 2 AN ERY
R EBYFRICER L,

(A BWAMRFI(CLZMHREESFREMRY /0T 7—20

RIGICE$ 2HH%8

Pulmonary Fibrosis by Inhalation of Toxic
Particles and Its Relations to Pulmonary
Alveolar Macrophages

It remains unclear whether or not irradia-
tion alone by inhaled radioactive particles can in-
duce pulmonary fibrosis in the lung. The
pathogenesis of pulmonary fibrosis was studied
by comparing toxic effects of several inhaled
dust or mineral particles in the rat. Follow-
ingthe inhalation of either asbestos fibers or sili-
ca particles, pulmonary alveolar macrophages
(PAM) exhibited prominent phagocytosis of
particles, and migrated as carriers into bron-
chial lymphoid tissues or tracheobronchial
lymph nodes.  Histopathology of lungs after in-
halation showed a typical pulmonary fibrosis

associated with macrophage—and lym-
phoid —cell infiltration. The PAM recovered
from inhaled animals released a significant
amount of lactic dehydrogenase (LDH) and
B—glucuronidase into the cultures. The
multinucleated PAM were frequently appeared
in the rats with pulmonary fibrosis. When
PAM recovered from inhaled animals were
cultured, an enhanced release of several
biologically active substances was detected.
These included chemotactic factor (s),
fibroblast — and lymphocyte —activating factor
(s), reflecting PAM —mediated inflammatory

— 120 —



and immune —associated responses in the
fibrotic lung induced by inhaled dusts. To fur-
ther elucidate the effects of toxic particles on
PAM, in vitro exposures of inhaled particles to
PAM cultures were performed. When PAM
from normal animals were incubated with or
without toxic (fibrogenic) or non—toxic inert
particles, active cytokines described above were
only detected in the cultures exposed to either
asbestos or silica particles, but not to
non—fibrogenic TiO2 nor latex particles. The

1. ¥

HTFRBIHOTMEL LS Lt =y A%EBY
T VR L ANTEE T, BRABERERIC X
LHIEEORBEIROEELV A7 THSB, *h
ERBICIIESAREC SN B EDTHD &
AR, REEOFRELERE TR b &8
BMERTRIRTWAD, Z0BEESDEEARIT
D LAEERNTHS, 2O LIFRERC L DK
BERBICBER (off) X588 MlaoEE
EEDBERIEYH B LTWART TR, K
FRYED L OBEOHE (LEFEHE) CILUT
SIERI INDEYENHRIGD KZ < Bb->TW
BIEREWRT D, ZDL SR TFES X
EEFEOEELBEOLTTHD, 7TANA D
) EMBREERRERT 2 AV CORAER
X DR B RFEE LREREEEY, %
MRS R SRC X O R FEM L AT L OBEENR
Iy T h ThiRE L, olfila~sa 7 5 —
o (LUF PMA tBET) BEERKZREY» L
LRI,

2. BRAEE

a. EREY : KE300~350g DHET 5 b
(Fischer 344, Wistar 3 X O° ACI &) »#Fh#
RAV, BRANCIIEGIEDT - Z TR L,
FTRTCAY 7 — - VAT ATHE L,

b. BAMETF : 722} (U.I.C.C =i
Crocidolite . ¥ X ©° Chrysotile, Lot AX-
3738—M ; Dr. EXKagan X nfit5). >V % (a
— quartz ¥ X ' Min—u—sil ; Dr. A.R.Brody X
higE), 75147 » ~ 2 (Dr. R.F.Henderson
T oftE) 2mrAg N H—HRv (Cl1/1431a),
ZEbF £ v (TiOz), TERXRBRA Y 7 (No.3,
JIS 7Z8901—-1979). A5 7 » 72 AR TF

PAM exposed to fibrogenic particles also
enhanced mitogen—induced lymphocyte pro-
liferation. Such immunoregulatory capacities
of PAM were restricted to a certain population
separated by centrifugation on a density gra-
dient. These findings indicate that pulmonary
fibrosis can be induced by the capacity of inhal-
ed particles to activate PAM which modulate in-
flammatory or proliferating responses of
fibroblasts and lymphocytes.

rhrZhfuvic,

c. BAFER : 7TAXRA FHTFRARXKE
EPA 7r 2 . 7 bt &3 & ToxiGenics (0
£ HEWABRBTERE & AV-T10.7~11. 2ng/cd D
ET6RE/B/5 B/BOMT>BZEY 3 1AM
W7 Lico vV BRFRAZYPIFERATCRAIE L
BB ABREREE Y AV T120~150mg/cd DEE
T18[E/B/6 B/BORT-2E% 1 BET-
2o
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BAC) # 75 RAF, 77V — ik, 37C,
2P ER O EEMIESY PAM( 95% L L)
&Lt

e. PAM o%& : 10X 4Bk r et
RPMI—1640 ¥HRICERER L7 PAM »12% L.
2.5x103~5 X105/ mDBEETTSAFy 7 7
U — MCCERERORERE F TR L, BBRBLE
HRIML, I VHET 7402 —THBH-INTI
BE LI, —HORBRTIZEEE D PAM w k&
DR Fainz TEEE LY (in viro ATRR),

f. PAM o &&EEESN : 55E L PAM
MHEE, B Ih 5 FENKFEESR (LDH) |
¥ &£ U'f— glucuronidase & DEER X HPEILE
Fy ML DPIELI, T, PAM 5& L
FiIeE T h s BmBkEERT (chemotactic fac-
tor ; CTF) {x 5pm 7+ 1 XD nucleopore 7
4 N & — %335 |7 microchemotaxis F = v -3 —
T, HEMREYEN L, BB EEhOA v
& —wnAdFviGtit, C3H/He] ~ v 2ilg#i
Ao *H-TdR ¢ vz Zic kv IL-1 %, %%
CTLL—-2 #ifl@tko S H—TdR £ h Rz X b
IL- 2% Zh ZhE B - CTRIE L, —H.
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L0 PHA) X 28R E T %5 PAM 0%
B, BI07, rRMESFMatk (NRK) MifaoHg
x5 PAM » %\ i3 PAM 55& B0
BrrhFh 3H-TdR & h R X WL
s

g. WREEHBRE AP OMS LOKEX
) v AEIREECRE - TRREIFRIAE DI EE
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IO BEBE LI, —J. PAM Zoff

DHIADRIED I, ~AAF o 4 —+, R
H=AT 7 - YOBEREHEY, Nt/ 70 —F
AR (0X4, 0X6, W3/13, W3/25) i< X 5 Rsjse
WA D S5\ 12 abidin —biotin —perox-
idase —complex (ABC) ¥efa s 35 2 75 - 72,

3. % R

a. BAMKFOUEFEELE~I7Rr7 > —21LI5
BT 7TAXZR BB IV ARTERALL
5 5 T, MREO PAM Wiz K/hokiFi

K1 7AXAMEAT » Mili (A) BIOKEXLY v & (B) 0BHEEK, %
BoKFH~7s7r7 =2 M) PERLTVS (A7 = 1pm),
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B2 o) ABAT .+ (35 A) OREMOLES (H— ERE.

Loz Eh, ZOERFIEMCH > Tiilan
R LTV 5o lBEANC BRI R (K
1A), ¥, MAKORKEEE L & b chififakk
MEE IOCHKEZRHE) v HEND <727
> —PIAKTOERBEAREDOND L 5 1Ts
., SERBY vafivre 7, - Db RFER
BETHENTER (K1B)e ThHORR

X 200)
TR AR FAGERC RS\ Tik PAM i g F
EhrEh, =/7r7,—IEAHLTY v
BITL B EERTHOTHD,

b. B TFRAK L BIHRMEEORE : 7 A
NA =T Y AR TERA LB T,
M E TR o E, MifaEE, H 5\ 3K
H, MAKI~6 A THRELILD, =7 =

£1 YVHIRAT, MiGEERE LR 727, —CDHR

MR L (26)

LS ONEL ST [ drrep: ) AAEILVE 24

(H) (x107%) W< rarzyr—v ) >INER Z Rk

1 4.8%1. 3 39.618. 5 8. 547, 2% 1.911.5

2 5. 240. 9 88.549. 7 7. 745, 8% 3,813 1

3 5. 2¢1.4 87.5¢4.9 9. 844, xx 2.7¢1. 4

4 g T 7 85.315.3 12. 0t4. 8 2.7¢1.0

5 5.9+1. 8 92.314. 1 3.9¢1. 7 2.1%1. 8

6 4.240. 9 92.943. 0 3.8%1. 9 3. 232, 2

xf B 4.7+1. 4 94.5¢3.9 3.8t2. 4 1.9%1.5
*  p<0.05
** p<0.005
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2 TASNANERAT, MlkEMEOEL @RROERE

Total Protein

LDH

B-glucuronidase ZHeIIRI -

IN—r (ug/ml) (mU/mg protein ) (U/mg protein) (%)

st B 95+42. 8 22+15. 4 9+4. 5 < 1
ChrysotileMg A 77+£18. 2 90+32. 2% 21+7. 3% 4+1. 1%
Crocidolite WA 95+28. 9 82+26. 9% 21+12. 7% 2+0. 8*x %
+  p<0.05
¥ p<0.01

7 7 — ORI OB L 2 5 — ¥ VD
WE, Vv ROBHEL EDRENFEZCL LD
bhic (B2) 2hHRIBELTEEDCL DRSS
Dro ey, 92 EloB i, EE OMEHEN
1 E~1.5F BT R ED BRI,

c. KFRABYWO PAMOFE: 1) 72
NR M FElR Y A ERAR, MkE L - CHB
il A Y B0%LIE) (X PAM TH Y,
TAFT—EE®TH T, L LRFEARIT
WREA L, | ~1.5FERBTZbTrEE TH -
722, PAM OBREITB EAEELLh ok
(F1) ¥, 7TAXAMYRAT » b OIbEEEE

251
|
I FISCHER-344 RATS | ACI RATS T
I i
- A ! B.
- 1
20+
w T
o
o -
©
£
£}
2
S 15F
= L
s |
E
@
et
<
s I
= 10
b4
s |
&
s |
2}
5k
L

R :
K3 T7AXAMNRAT , bifila~sr7, -2
D1 aBiR

N\ : chrysotile & A
B : crocidolite % A)

IRz EEIZE LDH & L O 8—glucuro-
nidase FEMEABRE S, 280 PAM B4 L
bhic (F2), chboFRIL. BHERTFRA
2l oTkEi PAM OFEMMEYRT O
Thbd. 2) —H. TAXA IRV U S HRAL
By T, RPN T L5 b IEH B D5,
TOMBEE E I EHEME (0~3%) # k@5 Ia
HEA A ERECREIN TV B DONEHBTH -1
("3

d. RTFRABYD PAM OEEENEIL: 7
AXNRPRVY D ERA LB LEB SR
PAM #8&T5 L, HRIEL, FECEV
CTF fitiniz s bt (K4), FAkkc - ok
Z PAM » L3 BRMa s X OREFEMRo

D Undialysed
60k ‘[ ‘[ Dialysed

a sor :

x :

Qo i

~

= 40} :

< h

o :

- 3o 3]

< 4

o

= 20 =

uw A.

(o]

o 10

z ° %

Contzol  Chrysolile- Crocidollie- Medium
Graup Exposed Exposed Alons
Group Group

K4 T7ASALNERAT, Mifila~se7 ;-
CrzgMlR (w7 r75>—v) EEEFOD
e

— 124 —



D Unstimulated
100¢
[] tps-stimulated

IL 1 Actlvity
(3H-TdR Incorporation by Thymocytes, cpmx10'3)

Silica~Exposed Sllica-Exposed
la-High la-low

M5 YUABAS » blE= 27297 -0
Ia R E IL—1 DFEA - i
(%1% p<0,01 THEERRT)
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IL-1 Activity ( 2H-TdR, cpmx1073)
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v =7 (ConA %) BFETTCEETH L, O
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—— —_— 5 10
[} Medium Control
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E 10 wg/ml
B 50 ug/mi
O -Quartz
5 100 ug/mi
250 ug/ml
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(8) BfKHiL SUIC DTPA OFM(CEAT 5 LEE SR

Bone Metabolism and Toxicity of DTPA
in Experimental Animals

Age—related changes in bone metabolism
of normal beagle dogs, from 3 months to 17
yvears of age, were examined by the mor-
phometric and serum biochemical values.
From 3 months to 2 years of age, bone volume
(BV/TV)and trabecular thickness (Th. Tb.)in
the iliac trabecular bone that labeled with
tetracycline and calcein increased rapidly, with
the increase of body weight. On the other
hand, mineral apposition rate (MAR)and bone
formation rate (BFR, equivalent to rate of bone
turnover)decreased. The BFR at 3 months
were about 11 times in males and 15 times in
females, as compared to those at 2 years show-
ing the adult type of bone metabolism. From
2 to 10 years of age, BV/TV and Th. Tb. did
not remarkably change, whereas MAR and
BFR had a tendency to decrease gradually with
age. Parathyroid hormone level increased
from 3 months to 17years. Testosterone level
increased up to 2 years and remained almost
constant thereafter. Serum osteocalcin,
alkaline phosphatase, and phosphorus decreased
rapidly up to 2 years, although calcium did not
change with age.

Effects of swimming (exercising)and lactate

1. #
AR, T =T A EDT 7F = FEEK
DE L IEBRRRRREDETCHEZ LD, O
BEHRE CHHE~OUERT. FTHRESCRH:
EDBER IO ThLOREBEOMEN. QFK
BT EECERBRIOFEORFT#HT LT
B, B, WEOKRY I CHHEEDE
IHDHNBHEBEO Y A 7 0ERYENE LTV
%, BEE Tz, BIER OV TEEREEOFNE
L rhn b A~SHET B b i EREBY OB RS
DOEBOTR L EEL PO, BETIEREST
&L BB O BN REGELHHF LV —
DTPA OFM B LT LML, AE~DOF

[l

calcium on osteoporotic bones in rats were ex-
amined. The BV/TV and Th. Tb. increased,
but the MAR and BFR were improved to be
sustained. These changes were promoted by
the administration of calcium and vitamin Ds.
The following results from the toxicological
study on DTPA were obtained. When
Zn—DTPA was injected intravenously to rats
and beagle dogs, the hypocalcemia, following
the increase of blood pressures and heart failure
were observed. These changes were not
observed by Ca—DTPA intravenous injection.
On the other hand, by the oral administration of
DTPA, it was observed that Ca—DTPA was
more toxic than Zn—DTPA. DTPAtoxicity in-
duced the dysfunction of the kidney and liver,
hemorrhage and congestion in the lamina pro-
pria and vascular expansion of the small in-
testine. Vascular permeability was also
enhanced by both DTPAs. It was concluded
that the characteristics of DTPA —toxicity was
the side effects on the cardiovascular system.
Therefore, the available information should
be prepared on the blood pressure and heart
diseases of workers by the medical check—up
at regular intervals, for DTPA administration.

A% % 2 -REYHEFENELAL D ORF L H#
BHTEL, LikhoT, 2 TRERBHWOFNR
#icBAT 5% E DTPA oEcBT 5Ty
FFCak~5,

2. BRHEICEAT 205

2 -1 HRFEE

a. EREY : €— /A RE3 A ALSITHEERE
¥ COMBEITOBEL BHV-72, T » b (Wistar rat)
EE~ R ¥ TOMERER2008E % LV o,

b. EBE T LDIER

&3 high turnover R TEHEED € F
Ak, HET b TIIINERE LK Ca SRt DG
X-T, 4 2CIIMECINERH. R
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it UCIER Lic, ¥, BREH low tur-
nover # R T BEILEE T A EREFDF » b i
& Ca % 5%, ATk EHDP ##5 LTfF
Bl

c. BEMCEDS

FOMBENBREYENTAENT, £%b 5
WL ERTIC. 5 tetracycline (25mg/kg) &
Calcein (8mg/kg) »#E& L EREHEO GRS
DY HEZ 1T >0

d. ¥k

FHRHL, RCBE. WER IOWEKELE
BHHITEHRIC T, Ty P CISER L B E
Bl X > TEHR L,

e. FEBIK BHEMBEAR

B EHL. villanueva bone stain ¥ THufa,
Tra—n k7t v CTHRAK#E,., methylme-
thacrylate & Lic, T, #E, HEL
10~15pm B DIERIK BAABEAR % 1EB Lo,

f. BREEER

EBRKEERDOBREFOME L ASEELY. B
FEREE B A B R AT S E CEHAI L 7,

g. BRI OAE

BRI OB ORS L, wet, dry, Ash HE
AT L, SEKGE, FRRSE. EBRSE
RD, ZORWHRCELEBMHE, FHCa L P
wERE LI,

h. mEEFEEORIE

BREBCBIE L-f#E Ca, P, Alkaline pho-
sphatase (ALP) iz . HHBRDOHEIEF » P IO —
MM F 54 % —"T, canine osteocalcin (BGP),

%
1500 Q‘ Bone formation rate (BFR/BV)

1000 4

® Male
O Female

100

0 3 6 8 12 2 4 7 10 11-17
——months— years

Bl =LA KRBt oBEEREORMEE
OIEEZE L, BOEEHORME L. B
ERO 25 (100%) i+ 5K TRL
2o

Bone volume (BV/TV)
100

50

O Female

Q

0 3 6 9 12 2 4 7.
——months — years
X2 BEEBEREOEHEEK (bone turnover)
OIEEEL. BOBFFERKROKIEIL. BHH
FRO 2R (100%) X+ 5HERTRL
2o

10 11-17

parathyroid hormone (PTH), calcitonine (CT)
i+ radioimmunoassay % CRIE L7,
2-2. # 2R

a. €= A RoOFREOMBEE LR
BRI BIE LR, BRBERTHS 25
FThADLE. 3~0O A TCIIEBEALETE (K1)
PERZEOBIE2ECHE ML, ~FHAKILEE=
BHHEE (bone turnover) (F2) REECH
DL, D 3 » BED bone turnover it 2
BB AT, BT, METISEOESTH
o1, MiE Ca flHixd>ThctiERIZ & £ % 5
fopi, MmiE P, ALP, BGP iz &% icHd L1,
PTH ® CT e R Lic, 2 BRMLIE10mEE
FCIR, FLUVEBbRRE e -1, BACEE,
BIRALEE., turnover HOBIE, AIKILT Ik
<> PTH o#mia R oshiz,

v— 7 A DRK (25 OFHETRIED 5
LENEE, FREER EOBIEE/ML, b
BE) 7+ EEAEMR) & IEAUER
R LIS BIIEE Ch 2 AIRILEE BRI,
Ty PERAEULRETH > edd, v b EHRT
2 ~2. 565N o 1z,

b. €= 7 A ROMEKETIZ, 3~67 o
M BRI A E 9. 9 » AT B/l ic BHmn
B o> T, 2EEN S, BRILSS LR
BitL, BRELAFLARBELYRT X5 1k
o7 10 I a KRS 2ELcgHiy
o LTwi, (M3) chict-T, WE&KED
BHEKGOFEY . BERS L ERRS O
Dbt

C. E—ZARIZEIT VI =7 2% EIRES
TEEREST5 & FEAIEETOHNAR LR,
BFRILEXE L7, chix. Bz EHDP
TYER L BELEE & B 7oREER R L,

d. ¥ =71 Xko | o FHEBETHIEY., B
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Age ) Costal

1 2 3 4

cartilage
6 7 8 9 10 11 12 13th

3 months” Cal.** 0¥ 0 0 O

I.F.*20 0 0 0

6 months Cal.
I.F. 0 17 25
9 months Cal.

I.F. 0 18 36

4 years Cal.
1.F. 0

More than Cal.
11 years |.F. 0
C.F.**0 0 ©

25 92 100 100 100
42 67

45 100 100 100 100
64 82

50 100 1060 100 100
0 67 100 100

29 86 100 100 100
14 160 100 100
14 29 71 71

100 100 100 100 100.100 75 25
75 92 83 83 75 33 17 0

100 100 100 100 100 100 78 17
100 100 100 100 90 70 © O

100 100 100 100 100 100 100
100 100 106 100 100 83 40

100 100 100 100 100 100 100 100
100 100 100 100 100 100 100G "33
43 71 71 14 O O

*1 Cal.; Calcified, *2 1.F.; Incomplete Fracture,

*3 C.F.; Complete Fracture

K3 HXBEECIBE—- 7 LVROMEKFOARKILLEHOMBEN. 651
BT, E3~1PEREOTRTCHARIKLEL, BHAERELETSZ LR,
LI, BIRAL & o B4 sim L. [RGB Tl me i iRZsd bhi,

ACEBIRAELROERLCELE, BATr -2
NEB X #B W THCER, GERTEHE
BRhEQRD LN, -1,

e. BEMNLRHENRILD €~ 7V LVROREF
M CEBHREHEEY L7, RERTEEE
RS - T,

f. BHERERLIOBRIEET LS » PiRK
ke X EBAR A ML S L, B ERLERE
TEDOHEINE L O turnover BDOEHELN RS 70
Fio, B Ca BERAR S IURBEAR Y L v
Az Vitamin D3 # A S 2 5E, L h—BD
BFRBHENEBD L NI,

2-3. 5 &

E— 7V RITEREHERS. e PO EEU
LCW5DT, PuBodBEEYHRTS LTHE
BB TH B, It 5 BRBE B R
Ak L O MEFEECEEI SR LCER, 3~

9 » A # % T modeling & remodeling ic L v &
LUBHEZRL, 2EEHE CTRBERBEER L1,
i, BERNBRIC R C. TEREO B
DHRELPE I XIREC LTERELBREB L
WRE-BL O, SERCERROBERT S
2RO RSB ER Lol #Tin7
R HEN B EORD PREEEO KT A
REIhich, BTREbRALRIeho1, &
FCIREAR L BFHERE (BEORY) LoBEfRI
B0 ThBHM, HERTOFEOEREALHE
MERD BRI, MR E v LB O A A
ZbhbZ L PTH oginciEBR3T5h0LE
xbh%, T PTH A¥MMEER LA, 7
A MARTFT B VUSRI T TR AL BRI
DT, BEERVEXHELTWS EHEERL, L
Tei T, EICIIREADERBICIIEED
Bdohic, WEREOGKIIIR, 5y PRIV
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ADCTRICE T HER% 515 I L ik
B¢, Pu OBHRBESLEIN L EOEE L OFER
SHOBRBELI B,

2-4. % &
ROBRBCEATHEBT — 2 2ERK L, A&
DELED D\ ITHESYAO I Ui, Fi,
FREEE 2T T REN L EHRESCBTRIED
EFARRKET » P CER L. AR IO RE
R X 25RBOBNLYHER LI, ZhboRE
7=y ADBREEPEE Y R 7 T
5 ECHISZ IR S,

3. DTPA OFHICEYT 2%
3—-1. IRHE

a. EREY : ©— S A R38FHE L O Wistar
7 » MBTER%Z v 1o,

b. DTPA oFasL

CaNa3DTPA ¥ X O ZnNasDTPA

(DOTITE) #*BAL, FOBRRETIIHEKRDOE ¥
T, BIiRAES CIAEBEAE KT 450p¢mol /ml
DEECEMRE, pH %#7.2~T. 4B L T hg
FRE LLDLDBCE U TEBELRME L CEFER L,

c. DTPA o EER IVHE

5y toEDHEEIZ, Ca—DTPA (I U
Zn—DTPA © 30, 150pmol/kg % RKICEE,
IR B 51 30, 150, 300, 600, 900#mol/kg %
EHErp 5 0.008~0.012ml/s OFEE THEALT
o712

RO AL, Zn—DTPA o 30, 150zmol/
kg ¥ BAr 7 eric Ah, BIRNEB 5L
30umol/kg, 150pmol/kg » IEpE# Ik 5
0.008~0.012ml/s OEE CHEA L1,

d. E, kERSICLERORIE

EEAB B\ CE, IRE, DENORIEY
TH5AMT, F9 PBIVCRESCHEL, MF
RLBEROBEHIEE LBz, AR LV
REAME, kE, CERAEEEYHVCHRIEL
o

e. I Ca, Ca 1 + v, pH BEOHIE

DTPA B5Hi & L O & EH% 5 ~10 5@ T
B L., &5 EE#%. Ca i o—cresolphtalein £
T, Caf 4 vkIrpH It Ca M A+ vEERE
#EC, ThZhllE Lic,

f. MK, MEEERS ORIE

#KMmEk (RBC). AMm®K (WBC), ~® /s r
v (Hb) B HBMERMELEE. ~~F2 VU, b
(Ht) fEix@mL%k. BEQE (TP) Bk,

GOT, GPT, ALP, BUN, Creatinine ¥+ — + 7
F 74 % — CTHIE L1,

g. WREFENBRE

ERBRKTRICHEIENB R YT > %, HE
PEMABERFR L CHBREN BB AT -7,

h. MEEBERR

®©7y tOERIFRELHEL, 2.8~22.5
pmol OREITH BRFCEERR L Ca—DTPA
HBE In—DTPA OBEHEBS LURRB L LTHE
BAEKEY ZHFR 0.06ml SORNES L,
Z D%, 0.1% o Evans Blue Dye %% (EBD)
0.5ml % #RF 5 LC. DTPA B 5MroFE
HOERHHE L, @ Epinephrine (0.08mg-
/kg) 2205 McHEE L, OLRAERLBYT-
fe ® Zn—DTPA % #irE5 L%, EBD %
BIRAES L, OELEE (B~XB)  Zn-
~DTPA (450umol/ml) BE X HEA L,
EBD ##iREH LT, FROBRNE L AR
BB LT,

i. NTFRYEOEBI~DEE

MFRYE (7 —-AvRF) 2®/E LS o b
= DTPA ##IkEH LT, BELHLELETTOW
A MBI RE L,
3-2. # B

a. Bofs

7 v Pz Ca—DTPA %\ i Zn—DTPA %
BEoTl~3 AL LLER, WThoBTh
BEOBVRRELBERITRIIE it -,
La L, Ca—DTPA ® 30gmol/kg BECix.
51 % Atz RBC o4, BUN, WBC ¥ L0t
ALP o EH . 37 H#ic ALP O LB A B A
7zo Ca—DTPA ® 300umol/kg B Cixz, #5451
» A#iz RBC o4, GOT, GPT, ALP » &,
3 » Atk GPT, ALP o L&nHbht,

Zn—DTPA o 30gmol/kg BHCi3, 51 »
H# iz creatinine D +H., 3 » %I Ht, 6 »
A#w Ht, Hb, GPT o LA MR AL R 1=,
300p¢mol/kg B Tix, #4511 # A Ht, BUN,
6 7 A&z GPT o L& A bhi:, IO
8 Clt, Ca—DTPA X Zn—DTPA 50
SR TRIRTER. EHorHmr AL
2, Ca—DTPA D30% X 0° 300pumol/kg #EoD 1
HAABTRELLoTn, €E— 7 ALRTIL.
Zn—DTPA30umol/kg # < BUN o k&,
150pmol/kg # < GOT, GPT, BUN ® LR 2%
B, 300pmol/kg HTIIEELEIILED
Lhigh i, BEHEBENBEE TR, S5t F
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IO - v RO B/ NEIEOFTH M, K

THOMERE, R B, & i 30pmol/kg B
DB ORI =2 Tix H B A hemo-
siderin DWLENL HA DR,
Zn—DTPA OBRINEL, 4.8~T7.1% TH -1,

b. #ikES

75 PR IORE ic Zn—DTPA O#IREY S
Bk, 5B UT—R7eE Ca miE (X 0 5

T, RTO

Total calcium

e Beagle

-5

Calclum

10 20
4 )\ %l()‘[ﬁlﬂi@l—_ﬁ-‘ mﬁﬁ@iﬁﬂﬂ‘ 'D%EZ]@ Time (min) after injection
2D -
REpEHERL (RS, 6). Mean blood pressure
wmhg (600 mol/kg)
- 0]\ 30 mol/kg o 50 o
5 5 p -
- « ; ———
o ® 5 O-te-ee-o0
£% a +25y) [
85 b5 'd @ Beagle
E'LS) _g ,O'I ° Rat
Lk N ,
gz 0 5 10 15 20
R . . o
0 5 10 20 30 Time (min) after injection
Time after injection (min) K5 RBIUOZ, bic Zn—DTPA #&5§%
X4 Zn—DTPA #RBEEHOMEH L v v A L. MEHIL VY ABEOBTICE ST, M

WEDORRZ L, HEBICILLT, Ay

T ADRBABREDLND,

Before injection

It

e =
WE‘\ hi:’:FTTJ“_ E!"W _‘.. ’. =

==
V=t

{2 ¥

1
T

S|RGATE

ENEAT S, ZoORNCHHEZIRLA
Tedr o e,

Before injection

|
EEe=

=9=

:‘.j_—:} =
AT e
BE=lR =E 1
=0 =

1
o

T

5 min after injection

K6 R Zn—DTPA #®IREG LB BEIhIRERLER, EBIXE

530, TG 5 5,
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Zn-DTPA Ca-DTPA
.70
T 160
S g5l -
07 ™\ Tolal calcium
2 = \
5% )
g -y \\‘/ Total calcium
[~ AN
o \
g -10 Coeenzen 2
2 ) .
o 000 lonic calcium :—\_??/‘:
3 ~ ) .
E - 010 N o lonic calcium
. -
-~ “g.e=”"
- 020
0 10 20 0 10 20

Time after injection (min)

X7 Zn—DTPA ¥ X0 Ca—DTPA #lr#fr &
CEES MEB AN T A, AAYT AL 4V
BE., pH o%&{t, Ca—DTPA Tix. &
Ny AMIEITE Z HioV,

Mean Diameter of Blueing Circle (mm)

O 53 5 56 28
Cencentration of DTPA(umol )

X8 mEHZHAMARCE T, AIE3hi-Fa
HMoBER, BECHILL T, FARMOERN
ZiL. Ca—DTPA oF», Zn—DTPA
X W ERAREZ xR,

L»n L. Ca—DTPA Tl BB hich
ot (K7) ¥ty RECZn—DTPA %128
HERY LR, B TR s & OEERE 7 B
BHREIROhR) o7, LvL, BE2BLURE
H O REEORA VRS bhi, MEd{bsE
PR R, B EOBE L AR,
BHEOBEOEER XU BHIKEOFTMmA D b
Yoo

c. MEBBYTLEEH

Ca—DTPA % L 0" Zn—DTPA # AL L
TR REA L BE I T, LTl
PEEORHELARDLAL (K8), Zhit
Epinephrine ORTALE X v, MI%IX sz (K9),

12 12

10 10

N 8 Ca-DTPA
Pl §

/
2] znDTPA

24 Ca-DTPA
+Epinephrine

+Epinephrine

Mean Di2meler of Blueing Circle cmm
o

0 0
22511315 56 28 225113 1568 28

Concentration of DTPA (umol }

X9 Epinephrine FifLE# O MEHBE R
HTEFAHOER, DTPA Ll smE5EE
M3 Epinephrine i L » THI&I X h 5,

d. HTFRYEOEF~DOEE

BFRHWE (7 —#VRT) 2B5 Lo b
DHBENREOREE. BEOATKGAEN (K-~
v IKEE) RHLEOEMMEN ORI FRYED
R BT,

3—-3. 5t @

#%k. Ca—DTPA (x Zn—DTPA X » &M%
PG EBE IR T W, ZomRREnEs
TIXME® D TH - 1o, BIRAELS Tz
In—-DTPA oFirs Bl RITZ L& 5ED
—EOEBRIHSH LI L,

Zix. ZnNazDTPA+Ca—ZnCaNaDT-
PA+2Na*t it k54 DT, & Dt®» Zn—DTPA
R EIRAES T2 & T O Ca BEOSH/H
BB D, ZHCE->TORED bl &3
bz,

¥, R, EBD ORH» b S %S
HETTEER SRR S Z S bhifcnl, =0
Bawcik Ca—DTPA o BRI -T2 &
I TCHbhicey LRkt 5 DTPA ofeH
BFOHECHPISEORETHSH, . B
AT o MAAFREITEER & - T, BFRYBE
MESRE L COBAEELRDS DL Z 05,
DTPA # 71+ = v 2 Z0kNBREO BT
51LTh. BRECBRETERVETTRL, B
TEGICITEBA~DILE & (BT 5 ATREM
HEIhi,

DTPA o&EH IR, SEIOEBROERL LIER
BRCHELND T EXHLNT, & ICHIRESH
T X% DTPA o 5EERLTERERA~DEFI
EE L BEOBRSRIEEE OBREEICOBEER
ExMz 5 LE®ISARE I,

7 » b EREEITS DTPA OB OMEE L,

— 134 —



BEALERDLRINC L0 b, BWERTEDS
NIeF ~ 2R ATOFERYHEET S L&D L
EZzbhb, —BRCAB~OHERSEL XN T
\+% 30pmol/kg Tik, FLVEHEIRD LR
Moteds, BELEOKE T, FESCEROE
ENBRECALL BB Erb, BHERSELT
SHEAIE, BHEARAPLETHS,
3—-4. & W

Ca—DTPA * ZIn—DTPA o#EHI1Z. #E5H
B X » TRy, #RES5 ik Ca—DTPA »
RETHDHI ENRDLNT, T, A—&BICX
ZEMREROMI LB OFEEIT LA LRD
Lh?, REBTIBERERTHHZ L2PLN
Iz LT,
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Studies on Treatment of Alpha—Radioactive Wastes

Akira Koizumi, Yuji Yamada and Katsuhiro Miyamoto
Division of Comparative Radiotoxicology

Penetrations through several kinds of air
filters were measured using dioctyl phthalate
(DOP) particles, ambient particles and
polystyrene latex particles. The tested filters
were a Whatman GF/A filter, a HEPA filter
media, a ULPA filter media, and a medium —ef-
ficiency filter media. The particle conentra-
tion measurments were performed by an
automated diffusion battery (DB)/condensation
nucleus counter (CNC) submicron—sizing
system and a laser particle spectrometer.

It was found that the most penetrating parti-
cle sizes through the GF/A and HEPA filter
were in a size from 0.10 to 0.18xm in
diameter. The values of penetration through
the GF/A filter by two different parti-
cle—measuring methods, the combined CNC-
/DB system and the laser particle spectrometer,
were consistent with each other in the limited
size from 0.12 to 0.42p¢m. No significant dif-
ference between the penetration curve of DOP
particles and that of ambient particles was
observed.

1. #

FAr =T ABBDETIHEY S VRO
BRELMHERC BT, B ERYLER
WMOTELNHEOREDR LD LV TRET
s, B, B ERCH S BBk OBEEY,
WAEBRITES T b= v agkr AT Ed, /R
DEMOARATIIELELOFRBEOERDL L DS,
AWMEREITEY 7 v TRONTHRR LM
T B RS EEDUEOELAFH Y ED. &

il

It was also found that neutralization of
charges on particle surface by using 8°Kr radia-
tion, gives higher penetration through the air
filter. The collection efficiency of ULPA
media was distinctly higher than HEPA filter
media, and the penetration through tandem
filter was equal to the product of penetrations
of each filter.

Based on the above data, a numerical experi-
ment was made in order to estimate a relation-
ship between DF (Decontamination Factor) and
the efficiency. From the results, new stan-
dard particle size, in which the minimum DF is
able to be easily obtained, was proposed. In
the experiments of multi—stage filtration
system, lower values of DF was possible to be
experimentally indicated in the second and the
third stages, even if the collection performance
of the each filter is the same. The suitability
of this numerical experiment was verified by
filtration experiments using radioactive 198Au
aerosols.

O, BB ED, ILEERBRLELTO
REWRFHET S Z LABETH S,

77 s BERONEENI, BHREREY. &
HEEN L LOKEBEED D, 32K KFlEh 5,
YRR SR 5 EEY T I EERD:
SEEFH X h A EMTES, Bt AR A CHEKR,. D
2 ONEEWMER M L L TR ETARET
Hot. TOEKEREY L EEBREYOUNELD
WL, iR (BEFN48—STHERE) DED
BEBETH Y, M1 CRTAE Y R T 2 & &ET
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L., AT RERP I BR R OREE - A%
BETER, 2—-AF5v, Rl&ky 35 viik
T, ZTORBREMLXFER LI,

BY 7 v TRONIMERM I BT 2 JGEE
W LTHRABRSEERCRTL L =T A
TrYADOBKRAD D, EHKEN - RIEREEY
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Methodological Studies on the Inhalation
of Radioactive Aerosols

Yuji Yamada, Yoshihisa Kubota, Satoshi Fukuda, Yoichi Oghiso Haruzo Iida
and Osamu Matsuoka
Division of Comparative Radiotoxicology

Inhalation exposure of radioactive aerosols
for dose pattern or effects studies requires con-
sideration of many factors including (1) aerosol
generation and treatment to provide the desired
aerosol particles, (2) exposure system to pro-
vide the uniformity of inhaled aerosol particles
and to minimize the extermal contamination on
animal, and (3) safety system of the exhaust
filter and its operating and controll system.

Prior to design of inhalation exposure
system, we tried to examine a feasibility of
whole—body plethysmography as respiratory
measurement method during exposure. Its ac-
curacy was confirmed for our designed ex-
posure container. The practical availability
was also shown in estimating initial particle
deposition rate in the respiratory tract.

In this project, two inhalation exposure
systems for small rodents and dogs were
developed. These systems are housed in a
large glove—box with double—cover doors.
The small rodents exposure system is capable

1. #
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HECLRZ v ) 2B ROPTRIEELERD
12THY, REBXSHEWE. FeTr7 5
BEHEDOREGIE  RBHRELETT L L TEE

i

of simultaneous exposure of up to 20 rodents.
Each animal is held in special designed con-
tainer for exposure such that only its nose en-
The con-
tainer also serves as a whole—body plethys-
mograph. The exposure system was tested by
using Au—198 aerosol particles with AMAD
(Activity Median Aerodynamic Diameter) of
1.2pm and ¢; (Geometric Standard Deviation)
of 2.0. Ten Wister rats were exposed for 1
hour. All rats were sacrificed immediately
after the exposure and external contamination
on each rat was measured. But no activity
was detected except. At the same time,
aerosol sampling was made during exposure at
several positions in the glove—box.
Statistically significant activity was not counted
for all sampling filter. Test of aerosol genera-
tion and aerosol controll system including
emergency circuit was also made and satisfac-
tory results were obtained.

counters the radioactive aerosols.
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Removal of Transuranic Elements by DTPA

Osamu Matsuoka and Hiroshi Sato
Division of Comparative Radiotoxicology

Effect of calcium dietylenetriaminepenta-
acetic acid (Ca—DTPA) and macrophage acti-
vating substances, lipopolysaccharide (LPS)
and zymosan, on %Fe release from rabbit
alveolar macrophages which ingested °Fe—iron
dextran was studied in vitro. The alveolar
macrophages harvested by lung lavage, loaded
with the Fe—iron dextran were cultured in
Hanks’ balanced salt solution at 37° C for 8 hrs
with or without the agents. With the addition
of Ca—DTPA, the °Fe release was increased to
about 4—fold of the control level. The effect
of LPS or zymosan was not as large that of
Ca—DTPA, but the simultaneous use of LPS or
zymosan with Ca—DTPA enhanced the more
elevated %Fe release.

The experimental treatments with Ca—and
H;—DTPA were carried out in rats of which
lungs were instilled with %Fe—iron dextran.
After the instillation, the animals were treated
by DTPA on the 2nd day and sacrificed on the
7th day. The lung retention of Fe was
significantly decreased and the urinary excre-

1. #

By vIEETHLIALE =2 s (Pu) KRN
I LB AR, BOBREEL L TELLR
L00%F L — RS TH S, Pu BRI,
WAL X b KBRS, WETHHE L. MK
CAY &I~/ WETIHED 22 KAX
Wb, BAOERES, BrEELORAREEORT
KPuThy, chaKERBCHREL, —

il

tion was remarkably increased by the intra-
tracheal instillation of Ca—DTPA. While the
intratracheal instillation Hs—DTPA significant-
ly increased the urinary excretion of 59Fe, its ef-
fectiveness was about half that of Ca—DTPA.

H;—-DTPA was administered by the sub-
cutaneous implantation and Ca—DTPA by the
intraperitoneal injection 30 min or 24 hr after
the intravenous injection of ¥Fe—iron dex-
tran. The tissue distributionof ¥Fe was not
largely different between the treatments of the
two chelationg agents. The excretion of %Fe
into hte feces was increased with both Hs—and
Ca—DTPA to about 7 times of that of the con-
trol. With respect to the fecal excretion, the
effect of H;—DTPA was the same level as that
of the Ca—DTPA treated group. On the
other hand, the urinary excretion was strongly
increased by the Hs—DTPA treatment and the
effect was 3.4 times of that in the Ca—~DTPA
treated rats.

Wizhfla~7w» 7 > —2 (AM) Riclth A Eh
%5, DTPA wREFEINLKEMF V- FRILHE
MEYBEATE LI EnbAIERCR A ER
o Pu e+ 58BER LA R VE VbR
TuwhA, AM AD Pu iiEEE0RE & ek
2R b I hilRA A~ I h b, D5 Ho
KES IR e E T %25, —SirMic X b fiho
HABCBTLERE T EELLRTVWS, 20
ExeFESL biE, AM BECFE v — FFR
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—DTPA »» AM HIZHl 9 AT h TAIHEES h
Pu L EE L AM A~ 2 h 57 HIXBREZDHR
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Ca—DTPA LW HDORBRE X T, 5
iz, H;—DTPA OREBELYHENF = — 7 1C\h
THRNICEDRAALEE, F2—7HD Hs
—DTPA AW & v A B3I ThK
FIctEIha o & biMido DTPA BE 4 It
BRI T 5 LHRS RS, Lichi - T,
2B oH Lic Pu okt LTREKED Ca—DTPA
BHES EHBELTL 0HCBHIRAB LI 5T
WRD D, BT AYEIRIEE L
5y ba A LT Ca—DTPA EEEN#ES & Hs
—DTPA H¥iA & & OB A HE Ui,

2. BRF%

a. AM o : vv¥ (BAQME, H., &
H2.5-2.8kg) BV FAAY R — LERT TR
M X, Dulbecco »V vEELEE K (Ca2t,
Mg?+) Chfiged% 2 BEH Lictk, Bohrchi
TR ORI & v MifaE S 2 L, 1 — 7
r o MEM #5# (EMEM) T3 E&%&E L, 10%
HRIEME (FCS) #&1s EMEM i X8,
ffREE %Y 5x105/ml IR L FEKY BER
10cnDEERH T 4+ » v 210, 95%air—5%CO,
KM T, 37TCTARFMEEE L, F4EGRARY R
£1+5, (FEMRE 10%FCS-EMEM FT©—
HpigE L% EMEM T2, 3E&&L. B85
nichor AM B E LTER L

b. ¥Fe— &5+ A 5 vFHE : %Fe— 5
b8k (teHstee 481MBq/mgFe) @ 0.5M £/
BRI 1% (w/v) #1058 2 #k%% 2ml iz 7o
%, HEOEABBEE REEOKE G2 = 1
N BT 5 CHBEKREVETOME . B
Liczr A FEBIIBIIC X D %9Fedt #BREL
g, FERA LTV (5FENF) HEMLT &

HRE 2% (w/v) = FEeREMLIEL, &
#iz 0.25M 71— A TEEL i,

c. ¥Fe— F5vRx7 Y v DFE : ¥Fe—
HEAkgko 0.5M EEEBEK Y 10% (w/v) 0=V
B3tV v AR THELE Lictk, v ¥
Iml £37TCCA vHF o= LTS VAT 2
Vv (TF) LEEE €, TF LERKED 7=V
BAek IR ATERIZ X D BEFE L1, ¥Fe—TF BK
IVKRT 74 2 - WAIRDIIERI IR
B L. ®Fe ORUHEEEE X 0.47MBg/ml T3
-’)7'1‘_o

d. YFe TRV EE : AM % 105/ml ni&
BT 10%FCS ¥ &ir~ v 7 A% (HBSS—FCS)
CEEIE, YFe— #5725 vEBRMLT
37C. 2HHEAI vHF o ~<—F LT AM B 92
¥, €D AM E5 % HBSS €3 EEE# LT
fREECRE L YFe— #75F A5 vk
EL., BRkBILEkoBEDTBRET HIDIC
AM % # % Ficoll—Paque wEE., &k L7,
Ficoll—Paque /& & HBSS @ iE R B4 % H X
L. =? %¥Fe BitESEA Rl Lk, RE L
75 AF y 7 RBRE W 103cpm/0.5mi/tube & 7¢
315, L. EERmLITC TS
Bl 1 v #F 2 ~<— } L. % HBSS1.0mi #inc X
DRISEEIEIE 2, ®iLEE 1.0ml @&
L. EX & L 0.5ml ®) & & 31 Fe it
BHEM A — b F v Ay v E— L hil
Bl RDZETE, HIFEHEARICBI D
AM 725 @ ¥Fe DR % E5E L,

R (%) = [1.5A (A+B)] x100---@®

e. YFe i ALXRDEFE : HBSS-FCS i
B AM i ¥Fe—TF %k L. EWE
FETFITCTL, 2, 4, 8BS/ v & o ~N— B,
 HBSS # 0.7ml Zhn, &4 LCLEE 1.0ml A
A HRE L7z, Uh¥i: HBSS ¢ 5 E#E L,
R RERCECOKRHESEYRIE L, A, B,
CoOLREML » ROz T ¥Fe DR H ALK %
BELL,

BbAREK (%) = [C/ (A+B+C)] x100

f. YFe— #%7F+2 5 vOXEHARE: v
4 AR—FHDOHET » b ((FE310-390g) v
PoAAE S — A RBT CTETEYBC XV REEX TR
HIe, KEREECEHNS CREBTF1 = v
H=a— VEREE ] AT E CHRALTCEAEL

— 155 —



oo ¥Fe— ETFFA I VvEBK O0Sml 2> Y v
IR Y, BREFDETOEA LKL, B
BREERZ Y » STEGER, o MERNr -
CITHEEB L,

g. H;—DTPA 0#piA KBEF TS » b
FH g g o LB EMA O KB 2B 1 entDBE
L. vty bTETFTECRY » P RIESK., Hs
—DTPA © 0.25M 71 =2 — 2 EEHK 0.5ml ©
Ao teBEWF 2 —7 (F6.4m) ZH7 » AR
BAtk, BER 7Y » 7 CUBMEE VL,

h. DTPA o%& : MmE 0.1ml © 0.05M &8
& 256ml L, BlzeE26a3# L LT 0.15%
(W/v) #Fv v/ —nAArvvons0Y=—rx ) —n
7 0.05ml %M L% 1mM Wi e A < A
(Bi(NQs)3) CELRTT -7 BROEBIEBD
LY®AHRBIET S5 Fco BiNO3) 3 OFME X
DR@IcE ST DTPA DBEEAETE LT,

pmol/ml= #jn L7 BilNOs)s & (ml)
x1ImM(NO3)3 D#§E) @

A@i Bi3*1mol #* DTPAlmol s#EE&T 52 &
EISNLDTH B,

3. % R

a. in vitro 2 ToD DTPA 0%E

1) YFefticxi1+ 5808 : AMM» 5D ¥Fe
it Ca—DTPA10OmM %o 8 BFRACTHE LS B
EINHIERLEL S CHBO 4 fEE LT,
CORESHRIMTERIHETHS LPS OF
RN TECHEB I, i Ca—DTPA &
LPS50pg/ml O RREHEMTRIBOS5. 7T, Ca—
DTPA BifbyRin & HE LT L 1. M DR YR
L7, LA L. LPS % zymosan ¥ CiiHE=

5Fa release {04 of control )

BRI RS b h - T,

2) %Fe » AM AR DA At 5 &
BRIELICRLE, ¥Fe—TF © AM H~D
B ORZ L BREFHICR Lict oA, 1, 2. 4,
8 BRI CH D IA LR R HUTIT R INT B R
nELN, Ca—DTPAIOMM T3 E 9 iA&iL
BRI Lichs, RO b ALK i
HWEBHO0% Mz bht, —A, LPS sX°
zymosan Tik 1 B CHR V ALARDOBFESET
RELRI DD 2, 4, SEETIIXBE D]
EILIE o1,

*

[

% P <0.005
6001

J—

I

~
o
(@]

LPS, 50 ug/ml

N
Q
(@]

Ca-DTPA + LPS
Ca-DTPA + Zymosan

Ca-DTPA, 10mM

~—
—~
S
—

E
S~
{2}
1=
=<]
o~
C
G
3
£
>~
[
4 [ . (4)

flifg~2 27 5 —Chb D ¥Fe HHIHT
% Ca—DTPA, LPS ¥ X 0" zymosan DZ)E

—~

0
X 1

£1. fila<2e7 5, — 2D % Fe—TF OB D iAZixt3 %5 Ca—DTPA, LPS
¥ X O zymosan DFE
Time after treatment (hrs)
Treatment
1 2 4 8

Control 0.78 + 0.01 (2) 1.38 £ 0.02 (2) 2.51 + 0.26.(2) 4,92 £ 0.63 (2)
Ca-DTPA 10 mM 0.53 + 0.06**(2) 0.81 £ 0.04**(2) 1.74 £ 0.01*(2) 2.85 £ 0.23**(2)
LPS 50 ug/ml 0.61 + 0.05%(2)  1.34 £0.06 (2) 2.71 £0.18 (2)  4.90 £ 0.11 (2)
Zymosan 2.8 mg/ml 0.65 £ 0,03*(2) 1.16 + 0.05 (2) 2.38 + 0.06 (2) 4,45 £+ 0.21 (2)
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b. in vivo & (Ji&®%) ©o DTPA o%hE
1) SERBRE LI ¥Fe— 7+ A5 v
DERGH 1 K212 ¥Fe— HFFA LI vEEK
BRHRELT2HEBLU9 HEDM. FF. car-
cass TRITHWERELRLALLDOTHD, #E
Fik DTPA £ 5% (¥Fe A% 2HA) O£

HWHBEX100% L L TR LILDTHS, 2H
$#eE9 BEDMES I ORGSR OBRRITITS
BEIV12%THY, 2B, 9B 1BETI
B Rig & A ERid SO EA~DOBITA s
ZEBIRI NI,

#2. YFe— B7¥A 7 vEKEARE LT » Mtk 5 ¥Fe #BROEL,
Day after No. of Sup/BAC
instiliation rats Lung Lavage sup., BAC (ratio) Liver Carcass
2nd day 4 75.9+1.1 9.2+1.6 2.,8+0.5 4.0x1.3 0.93+0.16 11.3*1.5
9th day 8 75.2+1.3 7.840,8 4,7+0.4 1.8*0.3 1.6 *0.2 8,.4+1.,2

TefE L. WS & IEMIRRE 2 & MREE S & i
S i-BE. MRESCELET 5 ¥Fe Olfitt
BReEFiew3 2853128 H023% 59080
38% o hn Ui, —7J5. carcass ® ¥Fe MR
X2 BB L0 1 AR T2.9%EA L, M, JF
DOFEFRIT0. 7%\ Lic, BRH N LTHA~
PRt I NS5 132.2% Th o 12, (E4BR)

2) [BEREE L7 PFe e+ 5 DTPA
DR X3 WAL X 51z Ca—DTPA30, 300

pmol/rat O EREREL TLiffio ¥Fe #E IR
BEDERLLRIE,H 572, BFR~OHMHEDOH
mbFED b1, (F48B) H;—DTPA
kA, ¥Fe oG #i, BElkIticnt g &
DR EEREIAbh 5T, —F. Ca—
DTPA #» S8 % N LCHi~EALLEES. I
D ¥Fe HHERIIMBOTSR 7 H63% ~HFHEICE
Tl Thie L, Fof@AR Mm%,
carcass I\ CHHMEME R L, MEE%

K3, YFe— 7+ A 5 VEKBEARE LS » | ©¥Fe RS T 5 Ca—DTPA D5EN
BERIOHEERES., H;—DTPA O F FTHE»HAXDEE,

No. of Sup/BAC
Treatment rats Lung Lavage sup. BAC (ratio) Liver Carcass
Saline 8 75.2+1.3 7.8+0.8 4.7+0.4 1.8+0.3 1.6+0.2 8.4+1.2
Ca-0TPA,I.T. . i
30 uymol/rat S 62.8+2.0 13.7+6. 4.7+0.7 3.3+0.6 2.8+0.2 11.5+1.0
300 5 62.8+2.9"1 11.6+2.2 3.5+0.6 3.7+1.0"0 2.9+0.3"% 12.1+1.0
Ca-DTPA,I.P.
30 umoil/rat 2 73.7+0.3 8.5*1 7.0+0.3 1.2%0.3 1.6+0.2 7.5%0.4
300 4 75.8*5.1 6.3+1 4,040.8 1.7*0.3 2.0+0.7 8.3+2.0
H.-DTPA,Implant.
§UU Mmol/rat 3 80.0+2.5 4.7+0. 3.240.6 1.5+0.3 1.5+0.4 8.422.1
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F4. Fe— PFF+F AL VvEREARE LT » D %Fe B+ 5 Ca—~DTPA oKENEB L
OEENSYS. H;—DTPA ©F FHEAZDEE,

No. of Feces Urine
Treatment rats 1st day Total 1st day Taotal
Saline 8 0.52+0.12 1.9+0.2 0.07+0.02 0.31+0.07
Ca-DTPA,I.T. 1 ‘1
30 umol/rat ] 1.8 +0.8 3.9+1.4 0.87+0.11 1.4 +0.1
300 5 1.4 +0.4"% 3.540.4"2 2.9 +0.3"! 3.6 +0.3"}
Ca-DTPA, I.P.
30 umol/rat 2 0.33+0.09 4+0.3 0.06+0.02 0.30+0.08
300 4 1.4 +0.9 1+1.3 0.14+0.08 0.49+0.20
H_.-OTPA,Implant.
§00 ymol/rat 3 0.43+0.18 1+0.5 0.06+0.01 0.17+0.02

FIHFET B ¥Fe OEA X HE LIEE, 30,
300pmol THICHBOKI/2ITET Lic, ERA~
DPEIE DN TDRBRIIF AT LD TR LA,
F~DH 1 Ca—DTPA30umol #¥5 1 HE®
Rt CRBO12f5 8 L1z, 300¢mol ¢
RECHEE MR X T,

3) RERHELE L~ Hi—DTPA, Ca-
—DTPA %I HE: : ¥Fe -85+ 1+ 5 v D
SENHE LS 2 Higic H;—DTPA, Ca—DTPA 3
i 30, 100, 150pmol # KEHEE Lo SR

*5.
Hs—DTPA 0KEANKEDOFE,

MFRe— g7+ A b5 vEEEARELEL S,

ES R I 612K LA, Ca—DTPA100, 150
pmol Tkt~ ¥Fe HRHAERLFECET L1z,
H;—~DTPA Tix Ca—DTPA X 9 FR1EFH-%
DOWEERNFBAT HEAI ARSI, FitEEK
2R R 5 IRl S o ¥Fe HAOEIAIL
Ca—DTPA150gmol THOLABE/LHEMA AR B
72o BRIz DTk Ca—DTPA30, 100, 150mol, -
H; —-DTPA150¢mol, carcass Tt Ca—
DTPA150pmol COAFE Il FHE oAbt
RoZttiewtTr R r Lo d DT

b @ %¥Fe ket 5 Ca— B LW

No. of Sup/BAC
Treatment rats Lung lLavage sup. BAC (ratio) Liver Carcass
Saline 7 87.3+1.7 3.4+0.8 0+0.2 3.8+0.6

Ca-DTPA,I.T.
30 umol/rat 5 82.9+1.0 5.5+0.9

100 2 76.3%3.9 8.7x1.2
150 3 75.442.4

H5—0TPA,I.T.

30 ymoi/rat 5 85.7+0.8 4.5+0.5
100 3 84.2+1.5 5.2+0.3
150 2 81.9+2.0 3.9+0.1

1.8+0.4 0.37+0.04

LBt

,1+0.6 1.9+0.4  0.89+40.15 " 5.2+0.9
L1+1.5 2.3+0.6  0.95+0.39"3 5.0%0.2

,4+0.7 4.7+1.7"% 1.8 +0.1"Y g.7+0.6"!

.1+x0.4 1.5%0.2 0.53+0.10 3.240.4

.7£1.3  1.3%0.3 0.52+0.12 3.2+0.5

LB

L6405 1.1*0.2 0.99+0.28 5.4+1.,3
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x6.

¥Fe— %FFA L7 VvEKEARSL-F » D OFe Hitticit 35 Ca— 3 X0 H;—DTPA

DRENEEDEE,
No. of Feces Urine
Treatment rats 1st day Total lst day Total
saline 7 0.32+0.11  2.1+40.3 0.05+40.03 0.07+0.03
Ca-DTPA 1 - ‘2
30 pmol/rat 5 0.29+0.16 1.6+0,2 0.55+0.197% 0.72+0.23
100 2 0.52+0.26 2.9+0.9 1.6 +0.3"Y 1.8 +0.3"!
150 3 0.71+0.05 3.2+0.4"% 3.4 +0.5"} 3.7 +0.4"!
H_-DTPA
30 umol/rat 5 0.5040.28  2.6+0.6 0.22+0.07%4 0.29+0,08%3
1 "
100 3 0.26+0.06 .8+0.1 0.30+0.06"% 0.38+0.07
150 2 0.45+0.14  2.240.1 1.1 #0.1™"Y 1.2 +0.2"}
Bon, DTPA BEETNTB\VCHEBRT K2wm Lk bic Ca—DTPA MEREAES T

X LERHEmMYRD7, Ca—DTPA & Hs
~DTPA o#hEEE LABE, WTholE
BT Ca—DTPA ©/532.5—5. 25\ Ml
LT,

c. in vivo % (£HF &) TD DTPA 0%
R

1) Mfif DTPA BEOBREEEL : ~v A

(C3H | i, #£H®E33—-47g) = Ca—DTPA-
3mmol/kg % fERENES. Hs—DTPA120gmol
P EBME T ICEBDIAALE, 1052 5246/ ©
DY 7 R CEREIIRYINTIC X o Bt L1c, RIL
BreEohi-mEdo DTPA 2 EB L -EE.

e Ca-OTPA 3Immol/kg, ip.

é o—o Hs-DTPA 120umol, implant,
i
\
i

M
..
ot <

o012 4 8 12 16 24
Time after DTPA administration (hr)

Ca—DTPA DMk 5,. H;— DTPA
DETHEDAZIC L B <Y A0 M+ DTPA
BEOBRIBEL,

Concentration of DTPA (umol/ml)
o

X2

104 T 5.2pmol/ml K@ L7, SFEIETL 2
FFfEC 0.2pmol/ml, 4 BRI ClRBRIc i T & e
Motz, oK L, Hs—DTPA T30, 60%
Bz rhrh 0.16, 0. 23gmol/ml THbH, 4K
MCTREREEECE L, FOBRBACETL
1665/ 0.08 pmol/ml ThH - 12,

2) #IRAFE L7-9Fe ioxt4 % DTPA
s 5 OMHE X712 %Fe— T+ AT vH
53045 %1 DTPA #H5 1L T 7 H#E D ¥Fe 0
ARG HEZR LD THS, Hs;—DTPA300
pmol/rat, Ca—DTPAlImol/kg THO#EER L
ThEh54%. 51%TH b HBRFEOTAN K LE
BIET Lic, B, KRBTl L e,
et a b ik -7, carcass DEER
¥ H;—DTPA Tl.5f5#EmL., Ca—DTPA
Tk Hs—DTPA X v Fizsdhn L, ERBH
T AHHRITEKS R L. Hs— X0 Ca—
DTPA #4551 H B © 9Fe & HhrR iz izt
BoH 7cHEmL., 1BROBEEER CHE L
BAETH Hs— X0 Ca—DTPA 51tk v
TnILn2.6, 2.3 E LI, —77., Rpdaitix
Ca—DTPA # 5% 1 B B DOBEMRA I BIED
0.01%251.8% i, Hs—DTPA #4&T
TR BRI A S Ca—DTPA #5650
3ARFICE L,

3) BIRAESE L7 ¥Fe x4+ 5 DTPA
BGOSR : £ 912 %Fe— #FF + 5 v
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£7. ¥Fe— BF*A2 5 vEBRAEELELS » D ¥Fe KA T5 Ca—DTPA DlElERN
5% L0 Hs— DTPA o TSR LOEE, Fe AT 305 #ic DTPA »# 5,

No. of -
Treatment rats Liver Spleen Kidney Femurs Carcass B8lood(m1 1)

Saline 6 74.2+2.0 1.1#0.1 0.55+0.02 0.43+0.02 22,0%2.0 1.0£0.04

H.=DTPA,Implant.

*1 "1 *1 *1 "1

300 umoi/rat 7 S4.3+1.5"% 1.120.1  0.93:0.03"! 0.6720.02"} 32,202,000 1.500.2 )
Ca-DTPA,I.P. ,

1 mmoi/kg 6 S1.4+2.0"% 1.240.1  0.85+0.06"% 0.63+0.02"% 40.1+2.0"} 2.0+0.2"}

#8. ¥Fe— $7+ A+ 7 vEHEIRAKE LIS » D ¥Fe Bifitizxt 3% Ca—DTPA DBERERNRS
£ LU Hs—DTPA 0 L T#EDALZDIER, ¥Fe Af305 i DTPA %5,

No. of Feces Urine " Whole Bod
Treatment rats 1st day Total lst day Total ole Body
Saline 6§ 0.10$0.03 1.7#0.1 0.01+0.01 0.04+0.01  98.3:0.2
He-DTPA,Implant. x1 ¥l X1 w1 *1
5300 umol/rat 7. 0.71x0.12"% 4.5%0.2,, 6.1 0.8, 6.3 0.9, 89.3£0.7,
Ca-DTPA, I.P. . .
1 mmol/Kg 6§ 0.66+0.18%2 3.9+0.2%% 1.8 +0.4"Y 1.9 +0.4"} g4.2+0.5"!

£9. ¥Fe— %FF R T VvHEEBIRNELELLTF » b ©¥Fe kRS FICKT2 Ca—DTPA o fERERN
BER L0 H;—DTPA o FH»AL DS, Fe 424854 1c DTPA ##& &,

No. of
Treatment rats Liver Spleen Kidney Femurs Carcass B]ood(m1—1)
Saline 8 72.4%2.3 0.76+0.05 0.55+0.05 0.44+0.03 23.722.1 1.240.1
H.~DTPA,Implant.
5300 umol/rat 7 53.1+2.5%% 1.1 +0.1*) 0.83+0.06") 0.63+0.02") '36.2+2.6" 1,620,157

Ca-DTPA,I.P.

1 mmol/kg 6 S50.4+2.0%1 1.1 +0.1"}

1 1 1 1

0.90+0.05"! 0.66+0.02"% 42.1+1.8"! 2.3+0.2"

£10. ®Fe— &7+ 2+ 5 v RS L5 » + D 9Fe FHticxt1% Ca—DTPA DN S
3 XU H;—DTPA D TEDIAZ DR, ¥Fe AR24R5#%Ic DTPA »#5.,

No. of Feces Urine Whole Body
Treatment rats 1st day Total 1st day Total

Saline 6 0.21+0.03 2.0%0.2 0.01+0.00 0.05+0.01 97.9x0.2

H_.-DTPA,Implant. x 1 - ¥l 1

5300 umol/rat 7  0.5680.07"1 4.3+0.2"1 3.8 £0.6,1 3.9 0.6,y " 91.8%0.5,)

Ca-DTPA, I.P. : \ “
1 mmol/kg 6 0.41+0.05"% 4.0+0.2"% 0.74+0.25"! 0.83:0.26"% 95.2+0.3
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52481 DTPA ##45 LC 7 BH# D ¥Fe
DEAZTHERLILLDTH D, FTIT Hs
—DTPA, Ca—DTPA T3zt oH70% 1
BEMET Lic, B, KIBE., carcass OFFEX
IR S OBE L RBCEM L, LaL, B
OIFRARIIARREOBHE L xR 9L,
KIOKR LI X 51 Hs—~ X0 DTPA #5#%
24B5R8 TR ~PEE X 1 fo Fe DEIF I TR FE
WRBD2. 78 L 2,35 TH v, Ca—DTPA &
H;—DTPA £ 5B oI, Thic
LR BE X1z Hs—DTPA ©F(5 Ca—
DTPA L v &V EZ R L1, Tbb, Ca—
DTPA -Cix 55 24K o BRlt R 2350 f8 0. 01
% h 0. TA% 1 L=, Hs—DTPA #5C
BERSEEVEEREREL R LA, Lo,
DTPA #451 ~7 HE T 6 B OBERIZ N
. Hs — ¥ X 08 Ca—DTPA TE+HhFh0.04%.
0.1%. 0.09% TH H DO DO2UREH TR O X
5FBLVWERIRILI T,

4. 5
—ICBEEMR TR, HoRBIIEERS LM
R L D#EOER I OHEAEIICKRE L-BIRF
HBREAFRIC X VTR TV 5, ¥Fe— #F+ X b
VM DIATh T4 ¥ V' — AN TRIEL
Ik 4 v ERRENTFOR CHIRE~BTT
Do A A I 7 =V F v E LTEHRINEIRE
BB ST Ak DBHATE L 1o B,

9Fe OMHER TITAM v ¥ o X— > 5 VEItA
BHc 31T 5 MR OB O BT EER P L v SR
Rhb, Lich- T, FEIIka A Hig%
BB+ 5 HRCEC-TW5, BT,
2. 4. SEEEIDOVTNDOBEL BB I BEE
X AM KB Y A Ehic¥Fe D1~ 2 % DEET
Botoe THITES F VvOBESIITAHENTH - T
BERKRF O PFe DEEH 1~ 2 % THHFHEIC
ELTCWBZ R TLDOTHS, TF x4
% %Fe OB AERL DTPA D - X v K&
{. TF & DTPA DLl 1 Tit¥Fe 0k
#WHix TF wf5E&T 5, LavsL, DTPA nEE
2100f5 L EFmV- B A1 KE 54 DTPA w4
T2 BEINTVE . EKERRITE T,
DTPA ngE 1z TF 93,0005 TH 0, HEK
i - 9Fe iz & A ik DTPA & &
AL, L2d ¥Fe OFEFEICEDL ) ORE
BEINTVBEEL LR EERP T 9Fe
~TF & LT3 h 52, DTPA EET S

ity AM ANOFR VALGHIIHEI Zh B,
(F1) Licdi»T, FEix ¥Fe 8 AM AN 5
BERP~BH I HRcEE, DTPA off
ERED VBN ET S ¥ CHRHIIK S EHAZ R
5, Ca—DTPAIOmMM iz X v B 4 fZzE L
fez &k, ZOWAREMT VB, (K1) L
o x5 Ca—DTPA 1T X % YFe HH R4
1% 5Fe OB DAL DOFER EE X BB,
LPS ® zymosan (1 ¥Fe DFEH h A RIC B8 %
.zt bbb ¥Fe I {EE IR B,
¥7:. Ca—DTPA L OREFFHMIT LPS D&M
HEAZIEA LT Y zymosan Tik% DE)HET
Rd LI > tc, RERDO R TIIMoiEME(LY
Bz X % 9Fe HRHED 2 7 = X 23T
52 L TE VA LPS, zymosan 23 AM RT
DERYELERET L L2 ExEbEes L
Ca—DTPA DFE LR kB LEZBRD,

LRI 9Fe ZifICAR LB TIX, 2R
VA BRS X 51 %Fe A% 2 B Bicifibisto
i (FF+ carcass) ¥+ 5 %Fe 129 HA
OWBEL2~980 1 BB EOFICE L
Vo ZHIE 2 HETEBES KT L, DD 7
AR Tl S oK ~OBTIIR EA i
ZERR LT3, MEERFOIMEES &
MBS ICHFEET S OFe COHELYRAZ L 2HH
D4.075H 9 B HTikl.8fET LTuw 5, T,
fhiaEmCHFET % %Fe A AM i XV ER DA &
., AIBELEIRT AM A~BIB IR 54 in
vitro R EZRih, BROZALZIhTERD
BRI CREINCEF IR A>TV B EDTIE
e bEZ b5,

Ca—DTPA o KEBEAH L Cixhfio ®Fe ik
Ca—DTPA LA LT¥Fe—DTPA K X
h, MRBICERE TS C L ME~BTL
Rp~Hit 2 h s, X, FF~BfT Licd OEH
N L TEF~BEX B, Ca—DTPA Dl
RS TIRBENS . Bt~z LA LR
bhiewvw, (3, 4) zhux&Es5E L.
Ca—DTPA 23ffi 2 THjZR T, L»$2HBT
13%Fe D & A EXHICEY LBz b 5 72
DTHH,

s TR L k5 e g o Hs—DTPA 1
AM B vaEhictk, #v— MEATRERK
ELTHRA A AM AN Eh b L% 2 bh 5,
L7cdi- T, e &L DTPA nEETSHZ L
2 ) REZESEH I N D T REM A E V. L
Lichib, &5, 6 DRIz Ca—DTPA X v %
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BBV xR TLOTHD, RRELTEL
bhdDOIEEBEKRE LTS L Hs-—DTPA @
WFRENIKED - b K2 R E R &
EE DB EERC X h EEE R A LCHREX
n9Fe EETHIMES E CRETCES., 5
TRIERE LN s EBbh S,
H;—DTPA OFIHE L LTEL B DIXE
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